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ANOMALOUS DIAMAGNETISM OF SELENIUM 

By MATA PRASAD and S. S. DHARMATTI 

(Received for publication, November 17 , tgs 6 .) 

The problem of anomalous diamagnetism was originated by Honda’ who 
observed that colloidal bismuth is only about one-third as diamagnetic as the 
electrolytically prepared metal. Much importance was not attached to this 
observation until an explanation was put forward for the high diamagnetic 
susceptibility of bismuth by Ehrenfesl® and of graphite by Raman® on the 
assumption that there exist in these crystals electron 01 bits which encircle more than 
one atom of the lattice. Since then a systematic study of the magnetic properties 
of metals has been undertaken by a number of workers when these are (i) either 
finely powdered or brought into a colloidal stale, (ii) cold worked and (iU) made 
up into thin films. As regards the first item important conclusions have been 
drawn by two schools of workers from their extensive study of a number of 
coiloidalised and finely powdered metals. 

On the considerations that Khrenfest- Raman bindings exist in some metals, 

w, 

and the contribution of these bonds to the diamagnetic susceptibility decreases 
when the metals are finely powdered, Rao* (see Paramasivan® and Vaidianathan*’) 
studied graphite, bismuth and antimony and determined the particle sizes at 
w’hich a change in the diamagnetic susceptibilities takes place. The experimental 
results of these workers have been confirmed by Mi wo’^ and by Goetz.® Also 
there is incidental agreement between the critical size of the particles and the 
sides of the etched figures formed at the surfaces of the crystals of the metals. 
Rao® also observed changes in the susceptibility of metals which do not possess 
Ehrenfest-Raman bindings on colloidalisation and has explained his observations 
on the theory of cold working of metals by Honda and Shimizu.’” 

Bhatnagar ” and collaborators ' ® have also studied the magnetic behaviour 
of a large number of metals, including some of those studied by Rao, and have 
shown that the changes in the susceptibilities attributed by Rao and other workers 
to changes in the size of the particles when the metals are coiloidalised either by 
powdering or by arcing arc really due to the presence of impurities which can 
be removed by properly treating the powders with suitable reagents. According 
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to Bliatnagar the susceptibility of metal can only change when either its crystal 
structure is altered or it is converted into an allotropic modification during 
colloidalisation. The entire position regarding the question of the so-called 
anomalous diamagnetism has been recently surveyed by Lesslieim * who has 
concluded that the available experimental evidence supports Bliatnagar 's view- 
point and the elTect due to the increased surface is far too small to account for 
the observed decreased diamagnetism. 

I'lic authors have studied the effect of powdering and colloidalisation on 
the magnetic proj^crtics of selenium which was selected for investigation because 
a colloidal solution of the metal can be very easily prepared without introducing 
any impurities. A note by Dharmatti ^ described that the diamagnetic 
suscci)tibilily of grey crystals of selenium decreases on powdering the metal 
in air and after a certain stage of fineness it becomes iJaramagnetic. Verma 
and dupta^*''* who used red variety of selenium have also noticed a slight decrease 
ill the diamagnetic susceptibility on powdering the metal niidcr bei;izene and 
toluene but the jiowdered samples regain their original value after washing them 
:willi dilute hydrochloric acid. 


BXrKKIMENTAI, AND RKv^UDTS 

The susceptibility was measured by a magnetic balance of the Curic-Wilsoii 
type and all errors due to the asymmetry and the change in the* position of the 
lube in the balance were avoided. No attempt was made to maintain the 
teini)erature constant as the diamagnetic susceptibility is known to undergo no 
change with temperature. The accuracy of the balance was tested by measuring 
the susceptibility of .standard substances. 

Kahlbauin's purest crystals of selenium (\= “ o'336 x 10“^-) were ])Owdcred 
in an agate mortar free from any ferrogeneous materials in air and the susceptn 
bilities of samples obtained after powdering for diilerent intervals were deter- 
mined from the formnln 

X = XaWa + 

where the clifiereiil terms used liavc the usual meanings, The results obtained 
(table I) show that the suscc])libility decreases as scleninin is more and more 
finely powdered in air. • Previous trials had shown that no etfecl of powdering 
is i)roduced in selenium until the crystals have been powdered for 15 hours. 
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TAlilJC I. 


[)d of i^owdoring 

X ^ 

15 hours 

— r)‘:iS87 

24 liours 

— o' 245 f' 

hours 

— o'j joS 

40 hours 

■\ o‘rK)73 

4;^ hours 

‘>‘‘'337 

46 hours 

■f o’oS6':j 


During powdering it Avas o1>serve(l tlial the dark grey colour of IIjc luctal 
crystals of selenium cliangecl lirsl to a ]>ink and afterwards to a red colour. It 
is, tliercfore, lU'obablc that during powdering in air sonic o:xide of selenium may 
have formed on the surface of the iiarticles of the powder as has been observed 
in the case of bismuth and antimony. The most stable oxide of selenium is 
selenium dioxide which is soluble in alcohol. But the observed decrease in the 
diamagnetic susce])tibilily of selenium cannot lx* due to its piescnce in the- 
powders as the purest selenium dioxide olitaiiied from Kahlbaum was found to 
have the diamagnetic susceiitibility, 0*3855 x lo''^', higher than the suscej)tibility 
of the metal selenium. However, on the consideration that other oxides 
of selenium which may have formed during powdering in air arc scduble in 
alcohol, the powders Were washed with absolute alcohol, dried thoroughly in a 
vacuum desiccator and their susceptibilities were determined. It was found 
that this treatment increased the diamagnetic susceidibility only very slightly 
but in no case the mass value of selenium was reached nor the paramagnetic 
powders became diamagnetic. These results lead to the conclusion that the 
impurities (possibly some com]>lcx oxides) present in selenium powdcis aie not 
readily soluble in alcohol. 

In order to eliminate the effects due to the adsorption of gases from the 
atmosphere during powdering, selenium was powdered under paraffiu. The 
samples were taken out at different intervals, washed with ether and then with 
alcohol and were dried in a vacuum desiccator over phosphorous penloxidc. 
The susceptibility of the powders measured immediately aftci drying indicated 
that the diamagnetic susceptibility of selenium decreases even when selenium 
is powdered under paraffin but when the powders were allowed to stand for 
sonic lime the results given in the following table were obtained 
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Table II. 

Period of powdering 

Size of the particle 

X = io-* 

5'5 hours 


-0*3252 

j8 „ 

2*4 P 

— O' 2386 

26 „ 

1-6 /i 

-02356 


Tlie size of the particles given in the above tabic was determined by placing 
a few drops of the suspension of the i>owder in propyl alcohol in the cavity of a 
glass slide and iiieasiiriiig the diameters of at least 55 particles along three per- 
pendicular directions by means of a scale provided in the high power 
microscope. 

S 13 :ivh;NIUM SOb. 

A sol. of seleiiiiiiii was prepared in the following maiitier. >Selenium was 
dissolved in Merch’s pure carbon disulphide (solvent in which selcniinn is readily 
soluble) and solution was added to Merck’s pure ether (solvent in which selenium 
is insoluble). A beautiful red coloured sob thus obtained was evaporated to dry- 
ness in air and the susceptibility of the red-coloured coagulum was measured. 
It will be seen that in this method of preparing the sol. no addition of electrolytes 

a 

is necessary for causing the coagulation of the colloidal particles. In order to 
ascertain the action of air on the particles a second sami)le of the sol. was 
prepared which was dried in vacuum. The results obtained with the two samples 
are given in the following table: — 


Tabue III. 




vSol. in air 


Sol. in vacuum 


X ^ 10® 


+ o’oi88 


— 0'2246 



EFFECT OF HYDROCHLORIC ACID 

To examine the effect of treating the selenium powders with hydrochloric 
acid. Some of tlw powders w^ere sent to Verma and the results obtained by 
them have been reported by Verma and Gupta {loc. cU,) and are as 
follows: — 
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Table IV. 

X X io“® 


Before washing? | 

After washing 

1 

+ 0‘228 

-0-307 

-0-135 

'-o’30i 


One of the powders washed by the authors gave a highest value — o‘2224 x io~'\ 
In all cases it was observed that the red colour of the powders was not altered 
by the treatment with the acid. 

These results can be explained on the consideration that during ]>owdering 
and colloidalisatioii selenium is converted into an allotropic modification. This 
assumpation is justified as (i) the colour of the original selenium is grey and 
that of the powder or colloidal selenium is red and (ii) the susceptibility of the 
purified .sample does not change to its original value when either the powdered 
or colloidaliscd sample is melted. 

The change in the su.scei)tibility due to the passage of selenium into an 
allotropic modification can be theoretically calculated from Honda and 
Shimizu's'^’ theory, which has been succe.ssful]y applied by them to the conver- 
sion of tin, copper, silver and gold into allotropic modifications on melting. 
These authors assume that the susceptibility is affected by the volume change 
caused by an allotropic change in two ways: 

I. The change of paramagnetic susceptibility due to the diminution of free 
electrons caused by the expansion, and this is given by, according to Pauli, 
Landau and Poseucr’ ^ 


dxi = +? 


_CL]l±a^>± 

j^rl/3p^2/3 


— 2 + 


A(_jw 


o ’488) 


3“o\ 3M 


Po 


dp 

Po 


Where C=2'2i x 10“**, L=Loschniidt’s number per mol, lP=atomic weight, 
P = density, a = number of free electrons per atom. 

4 l = 2’26i X 10“'* 2 = the atomic number and M = mass of the 

atom. 

2. The change of diamagnetic susceptibility due to the increase of bound 
electrons caused by the expansion and is given by, according to Sommerfcld and 
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IIiron4 




-2 

= _ 4'i3^ “aoa:,, 

aW 


^ 3M ^ 


^IL 

no 


+ 1 2'o6Xio“^ X Xf,^Z ''' + o ‘662 X IO~''’ao [ X 


A 

w 


_ 4 ._ 

3"M no j pf, 


wliorj the various terms h ive the same meaning as j^iven by Honda and Shimizu 
{loc, cAt,), viz., 


X 


- L n- -^14676 

a Z'l 2 , 


X 10, ^ r- 



\ 


Honda and Shimizu point out that in the case of contraclion the changes 
due to 1 and 2 are exactly opiiosite. In the latter case if the original mclal is 
diamagnetic, the allotropic modification will be less diamagnetic, as observed in 
tlie prCvSent case. 

The density of grey selenium is^’iq. A search through the literature shows 
that there are two varieties of red selenium, crystalline and amorphous. 'J'he 

density of the crystalline red selenium, taken as the mean of several dliservers is 

* 

4’5o and tliat of the amorphous one, is 4*26 (r/- table V). 


Tabi.h V. 


Anurp 

Ixais red. 

C'ryslril]iiU‘ n il 

Sclia1fgf)t.sclj 

U -. 

r 

Criliciil Tables 

rs 

Rainmclsbcrg 

-r27“4-31 

Partington 

4-47 

Cholocliiy 

/ 1.28 

IMitscla^Tliccb 

4'4^^-A‘S^-V 

Ralhkc 

/l' 2 b— 4 -::S 

Peterson 

4-^6 

Saunders 

4*26 

Cholodny 

4 ‘44 

Partington 

4‘26 

Saunders 


Cholodnv 


C. I'\ Rannielsberg 

4-51 

(rolluidal red) * 

-p^ 

0 ^ 

R. Peterson 

4'<)3' 


(ty. Mcllor, p. 712, Vol. X.) 
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The value of required for above calculations has been determined, as 
suggested by Honda and co-workers, '"from tlie graph in which the values of 
determined by these workers for various metals is jdotted against the atomic 
weights of the metals and is found to be o'o66. The results of calculations 
are given in the following table: — 


TAni.K VI 

a„ = o'()66, /J=4'ig 

’liasc oJinngL' 

red Cl ystallinc 

red amorpliouh 

iip 

1 + 0-0731 

4 o'onV 

Pa 

j 


<lx. 

1 “• u'o/.J(; X lu 

+ 0 0029 ^ ® 

dX-;, 

1 4-0 1106 X 

+ 0*025 ^ 

dx 

+ 0*1235 X 10"^ 

+ 0*028 X lO"** 

Xitlieor.) . . 

— 0*2125 X 

— o’ 308 X 10 ' 

x(ob.s.) 

— 0 222/\ X "f’ 

-■o*3o 6 X io~® 

^’X ^ 10®— + 

o’T23S - ‘“ 0*2125 ^ 10 ® = 

— 0*336 + 0-028- —0*308. 


The caVulatcd value for the red amorphous variety of selenium agrees 
admirably with the value obtained after washing; the selenium I'^owders with 
hydrochloric acid and leads to the conclusion that these powders arc red amorphous 
selenium, 'riie value calculated for the red crystalline form of selenium is 
w ithin 5 per cent, of the values obtained for (i) the selenium sol, (2) one of the 
powders after washing with hydrochloric acid and (3) the pow^ders ob- 
tained by grinding selenium under paraffin. This agreement between the cal- 
culated and the observed results may lead to the coiK'lusion that the above 
mentioned powders of selenium are crystalline. 

Ashara^^has shown that crystalline graphite when colloidalised for a 
number of days gives a broad diffuse ring in the x-ray diffraction photograph. 
Hence evidence for the crystalline nature of the red selenium is being collected 
from an x-ray examination of these colloidalised i^owders. At present it is 
haul to define the conditions which govern the formation of Ihe amorphous and 
crystalline red varieties of selenium on powdering and colloidalisation . From the 
results obtained so far it is clear that a large amount of the change in the 
susceptibility of the grey selenium on powdering and colloidalisation in air is due 
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to some impurities which are removed by treating the powders with hydrochloric 
acid- The rest of the change is due to the conversion of the giey selenium into 
an allotropic modification which is red in colour and may either be crystalline or 
amorphous or a mixture of the two, 

CHKMICAI, TvAHOKATORIES, 

Royae Institute of wScience, 
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INVESTIGATIONS IN THE INFRA-RED 
Part II. 


Absorption Spectrum of Boric Acid. 

By M. K. sen. M.Sc., 

Chose Research Scholar in Applied Physics. 

(Received for publication, November 27, igj 6 .) 

ABSTRACT. The infra-red spectrum of boric acid, H3BO3 has been investigated between 
the region 5/4 to 15/*. As many as eight absorption bands have been observed. Three of them 
corre.spond to the vibrational frequencies associated with the BO3 radical while the others are 
due to the molecule B (011)3. 


INTRODUCTION. 

Ill a previous communication ^ the molecular structure of inorganic borates 
as revealed from the study of their near infra-red absorption spectra was discussed. 
The radical BO.<j was assigned a plane triangular configuration, having three 
active vibrational frequencies corresponding to the bands at y'Sfi, ii/i and 14^ and 
an optically inactive one at gft. The magnitude of the latter was, however, 
postulated from an analogy with the radicals CO3 and NO3. It was proposed 
there to ascertain correctly this inactive frequency from a study of the Raman 
spectra of these salts. 

Meanwhile Joglekar and Thatte * have investigated the Raman spectra of a 
few organic and inorganic borates. In addition to the fundamental frequency at 
14/X, they have identified a Raman frequency corresponding to the optically 
inactive one at gn as assumed above for the BO3 radical. Very recently the 
results of the above authors on organic borates have been in main confirmed by 
Ananthakrishnan ^ who has also studied the Raman spectrum of boric acid. 
A continuous background rendered it difficult to identify more than one Raman 
frequency at 875 cm~' which he attributed to the H3BO3 molecule. It was 
therefore thought desirable to investigate the infra-red spectrum of this molecule 
where the above difficulty can be avoided and thus obtain more complete data of 
its vibration frequencies which may lead to an understanding of its constitution. 

EXPERIMENTAL RESULTS. 

The experimental arrangement and the region of investigation are same as in 
previous work. Fig. i shows the absorption curve for boric acid, The wav?- 

z 
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lengths of the characteristic bands and the corresponding frequencies are tabulated 
in table I. For comparison, the Raman frequency data of methyl borate between 
the region as well asjthe infra-red data of inorganic borates are 

included. 



Figure i • 


Table I. 


Iiifra-red data. 


Raman vSpectra data. 


Boric Acid 
(H3BO3). 

Inorganic Burates 
-(BO3). 1 

Methyl Borate (CH 3 ) 3 B 03 . 

- 

Boric Acid HsBCV 

Author, 

Sen and Sen Gupta . 

Aiianthakrishnan. 

1 

Joglekar and 
Tliattc, 

AnanthakrivShnan . 

675 (i4-8>i) 

724 (i3-8/u) 

71s (14-o/x) 

■ 728 

710 


800 (12-5*0 

869 (11 -5**) 

909 (11 -om) 

^ (lO-iM) 

909 (ii-o/u) 

ro30 

860 

1028 

875 




1112 


1389 (7-2**) 

r8i8 f5-5M) 

1333 ( 7 - 5 M) 

• 

1174 

1459 

1563 

1753 

^959 
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INTERPRETATION OF RESULTS. 

It is evident that the three active frequencies corresponding to 7*5 fi, 11 m 
and 14 which have been previously attributed to the BO 3 radical from a study 
of the infra-red absorption spectra of the inorganic borates are also present in the 
spectrum of boric acid. Similar relationship has been noticed between dilute 
nitric acid and inorganic nitrates. Dadieu and Kohlrausch * observed that 
although the Raman spectra of cone. HNO3 and organic nitrate CH30N02 are 
very similar, the spectrum of the diluted acid resembles that of its inorganic salts. 
This behaviour has been attributed to the dissociation of HNO3 into H and NO3 
ions on dilution. Recently Aderhold and Weiss * also have come to the same 
conclusion. In the case of sulphuric acid Woodward ® and others ^ are of opinion 
from the study of its Raman spectrum that with dilution the molecule first dis- 
sociates into HSO4' and theti into SO 4" ions. 

The frequencies 675, 869 and 990 cm“^ may be attributed to the molecule, 
H3BO3. Of these, the one at 869 cm~* is evidently identical with the Raman 
frequency, 875 cm”^, reported by Ananthakrishnan and assigned to the totally 
symmetrical vibration of the molecule B(OH) 3. The justification of attributing 
the two frequencies, 675 and 990 cm~^, to H3BO3, is derived from a comparison 
of their magnitudes with those of the Raman frequencies observed in the spectra 
of H3PO3 by Ghosh and Das.® For the latter molecule, these authors have 
reported three frequencies at 672, 940 and 1012 cm~*. The first two seem likely 
to correspond to the frequencies 675 and 990 cm observed in the infra-red 
spectrum of boric acid. It may, however, be mentioned that corresponding to 
the frequency at 1012 cm“^, a Raman frequency of magnitude nearly 1028 cm“^ 
has been observed in the spectrum of methyl borate. This does not appear in the 
infra-red spectrum of boric acid and is probably an optically inactive frequency. 

The author acknowledges his best thanks to Prof. Dr. P. N. Ghosh for 
suggesting the problem and offering all facilities to carry out the investigation 
and to Mr. A. K. Sen Gupta, M.Sc., for co-operation in taking the experimental 
observations. 
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A RAY-DISPLACEMENT REFRACTOMETER 
FOR ACCURATE WORK 

By K. PROSAD, 

Professor of Physics, 

AND 

R. P. GUPTA. 

Demonstrator of Physics, Science College, Patna. 

(Received for publication, I^ovrmbcr 28, 1936.) 

ABSTRACT. The paper describes a very convenient and accurate type of refractonictcr, 
which can be built up in any Physical l-aboratory without much trouble, i he probable error 
of die mean value of /u determined by this apparatus is found to be + 0002 and possesses a 
high degree of reproducibility. 

It is specially suited for the determination of /* of thin transparent plates obtainable in 
small sizes, but can also be used for liquids, 


§1. INTRODUCTION AND THEORY. 

In a paper read before the Indian Science Congress at Patna in 1933, and 
published elsewhere,* it was shown that by using the equations 


^ _ tsm (t -f) 
cos r 


... (i) 


and 


sin i 
sin r' 


(3) 


the refractive index of a plate of thickness t on which a ray of light is incident at 

an angle i, producing a lateral shift of magnitude d, can he calculated with the 

help of the following equation obtained by eliminating r between the above two 
equations, namely 


« s= * V d* + " 2 d. U sin i' (3) 

t sin t-d 

Figure 1 ^ows the incident and the displaced path of a ray. 
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In that paper, measurements of refractive indices of ordinar^thin glass 
and fused quartz plates with respect to sodium light were given. T^he experi- 
mental plate was mounted on a rod fixed along the horizontal axis of rotation of a 
theodolite whose circular scale and vernier enabled the angles of incidence to be 
determined. A microscope focussed on a sharp dark line was used to measure 
its displacement whenever the experimental plate was interposed between the 
index line and the objective of the microscope so that the angle of incidence was 
other than zero. It was also stated in that paper that, the method could be 
further improved both in the direction of higher accuracy of result as well as for 
the determination of dispersion of the refracting plates. It is the purpose of 
this paper to describe an experimental arrangement by which refractive indices of 
thin plates can be determined very conveniently with respect to any wave length 
of light with an accuracy comparable with that of some of the standard methods 
known at present. 


I a. A P PiA R A T U S AN D A]D JUST M;E NTS. 

I _ 

The apparatus consists of a spectrometer in which the telescope is replaced 
by a microscope having scale divisions in the eyepiece. 

A Hilger constant deviation spectroscope is used aS a monochromator in 
place of the collimator of the spectrometer. The whole assembled apparatus is 
shown in plate 1, figure 2 . 

(I) The microscope is focussed on a silk fibre carrying a small plumb 
placed as nearly as possible on the axis of rotation of the prism table of the 
spectrometer. A *fine line normal to the direction of the light from the mono- 
chromator to the microscope is drawn on the prism table passing through the 
axis of rotation. 




Ray-displac6ment Refractomcter for accurate Work /5 

(II) The slit of the monochromator is illuminated by sodium light and 
the drum rotated so that the slit image is in focus exactly on the centre division 
mark of the eyepiece scale of the microscope. 

(III) The experimental plate, if thin, is attached with a little wax to a 
rectangular metal base piece so that one of its faces, when placed on the prism 
table contains the axis of rotation. Care is taken to sec that the plate is 
vertical. This face of the plate faces the monochromator. The line drawn on 
the prism table helps this adjustment. 

(IV) Generally, as soon as the refracting plate is put in position on the 
prism table, the slit image as seen in the microscope will shift from the original 
position at the centre of the scale. This shift indicates that the light is not fall- 
ing normally on the plate. 

The prism table is then slowly rotated so that the slit image comes back to 
its former position at the centre of the eyepiece scale. When this is secured the 
angle of incidence is zero on the plate. The reading of the vernier attached to 
the prism table is then recorded. The mean of several independent settings is 
taken as giving the correct position of the material for normal incidence. 

Now the prism table is rotated so that the slit image shifts a complete 
number of the eyepiece scale divisions. The vernier is again read and the difference 
of the two readings gives the angle of incidence of light on the refracting plate. 
In actual practice shifts of equal amount on both sides of the initial zero of the 
eyepiece were produced, involving a change in the angle of rotation by at ; from 
this, i was determined. 

The scale divisions of the eyepiece having been calibrated before in cms., 
the thickness of the experimental plate l)eing known from measurements with a* 
spherometer or some other instrument, all the quantities from which the refrac- 
tive index of the plate can be determined according to the formula (3) become 
known, and hence /j- is calculated. Similar procedure is followed with respect to 
any other line of the spectrum which merely a rotation of the monochromator 
drum brings in the desired position. 


§3. SOURCEvS OF EIGHT A.ND OTHER 
EXPERIMENTAL DETAILS. 


The slit of the monochromator is kept sufficiently wide to give images of 
sufficient intensity in the focal plane of the observing microscope. The setting 
can be made on one of the sharp edges of the illuminated slit image, but it was 



16 


K. Prosdd and R. P. Guj>ta 


found a distinct advantage, in practice, if a very fine silk fibre be stretched verti- 
cally along the monochromator slit at its middle, and the setting be made with 
respect to the fine dark shadow of this fibre against the scale division marks of 
the microscope. 

The best sources of light that could be recommended for use are the Geissler 
tubes or metallic vapour tubes run with an induction coil or a small transformer. 
Any source in which the luminous vapour flickers, such as an arc, is not suitable 
for the apparatus, inasmuch as the flickering and the roving of the luminous 
mass shift the position of the shadow of the silk fibre in the field of view and 
make accurate setting a matter of some uncertainty. The Geissler tubes on the 
other hand, have been found in practice to be extremely steady and satisfactory 
in their behaviour and no shifting of the fibre shadow is at all noticeable. 

i 

The spectrometer used in these experiments was supplied by Messrs. 
Bellingham and vSlanley and has a very massive and steady base. The graduated 
circle a radius of 15 cms., a degree is divided into four divisions in the main 
scale and the least count is 20" (seconds). The microscope used had a minifying 
power 50. ' 

The apparatus is equally suitable for the determination of refractive 
indices of liquids. For this purpose, a glass cell is used. The first thing is to 
determine the refractive indices of the glass walls of the cell with respect to 
the wave lengths desired to be used for any liquid. This is easily done with 
the help of the equation (3). 

The liquid is now poured in the cell and the combined displacements due 
to the liquid and glass walls of the cell corresponding to, say, 25 divisions of the 
eyepiece scale, is produced by making the necessary angle of incidence i, say- 
For this angle of incidence, using the value of the refractive index for glass 
♦for any of the light sources, the displacements due to glass alone is calculated 
using equation (3) again. 

From the total displacement produced, the displacement due to the glass 
Walls of the cell alone is now subtracted. The difference is the displacement 
due to the liquid alone of thickness corresponding to the distance between the 
inner faces of the cell walls. This distance is previously determined by careful 
measurements with a microscope. Knowing i and the displacement due to 
the liquid alone of a known thickness, the refractive index of the liquid is 
calculated with the help of equation (3). 
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Measurement of fx for Glass w ith Sodium Light- 

Table I- 


First sample of glass * — 


Reading of 
First posi- 
tion. 

Reading of 
Second posi- 
tion. 

Difierence 

.. i 

i 

Displace- 

ment 

Ref. Index 
(u) 

I 

191“ 36*40" 

141 "50*40" 

49*46*00" 

24 '=’ 53 *oo" 

‘303 mm. 

1-5247 

2 


141 "42*00** 

49 ° 47 * 2 o" 

24°54*4o" 

It 

1-5237 

3 

191® 28*20" 

141 "46*00" 

49 42 20 

24“5i'io" 

II 

i ‘5357 

4 

i 9 i’ 35 ' 4 o" 

141 "45*20" 

49*50*20" 

24 ° 55 'io" 

1 

I ‘5233 

5 

i 9 i® 33 'oo" 

i 4 i® 43 * 4 o" 

49 * 49 * 20 " 

24^54*40*' 

II 

1.5237 

6 

191 "28*20® 

14 1 "41*00" 

49 * 47 * 20 " 

a 4 “ 53 ' 4 o" 

II 

X.5243 

7 

191®20*2o" 

14 1® 36*00** 

49"44'2o® 

24 52 10 

II 

1.5253 

8 

I9I® 16*40" 

141 *34*40" 

49*42*00" 

24*51*00" 

II 

1-5261 

9 

191 "17*40" 

i 4 i" 3 i* 4 o" 

49*46*00" 

24 " 53 'oo" 

II 

1.5247 

10 

191 '‘17*00" 

141*33*40" 

49*43*20" 

24*5i'4o'* 

II 

1*5256 


Mean value of /a=i’5247. 

Probable error of the result = ±*0002. 

Second sample of glass : — 

The following values of /a were determined on dismantling and reassembl- 
ing the apparatus (Na light), 

(i) I 5162. (2) I'5 i 63 (3> i’5i97 (4) i'5i86 (5) i‘5i77 

(6) 1-5183. (7) 1-5177 (8) i' 5 i 69 (9) i'Si77 (10) 1-5169 

Mean value of /i= 1-5176 

Probable error of the result = ± ooo^. 


3 
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Measurement of Dispersion of sonic Substances, 

Table TI. 


Calculated value = A ; 

Value reduced to the temperature given in constant book = B ; 
Value from the constant book — C. 



Refractive Indices. 


Substance. 

A6563 

^5^93 

A4861 

Remarks. 

i 

\ 


1-3377 at 30'’ '8 

r332i at 33 '-oC 

I ’335° ttt 30° ’SC 



Water. 

j 3378 at 30 "'oC 

I ’33-5 at 30" 'oC 

T3351 at 30" -oC 

i 

\ 

q\ 

! 

T’33o.! at 3o°'oC 

1 1*3320 at 30" oC 

1*3360 at 30" oC 


1*4894 at 29” ‘8C 

I ’4946 at 39“ 'SC 

i’5035 at 29''*8C 

A 

Toluene. 


i'49457 at 3o°-oC 


B 



1-4918 at 30'' 'oC 


C 


T 


Ethyl benzene. 

i'48oi at 31 "'oC 

1*4866 at 31“ ‘oC 

i '4920 at 20° ’oC 

I *4966 ol 20® ’oC 

1*4972 at 31 '■•dC 

A ' 

B 

C 


1 

] ’4806 at 3i^‘8C 

1-4936 at 31” -SC 

1*5006 at 3 t'^*8C 

A 

Benzene. 


1*4974 at 25 '’’oC 


B 



1*4979 at 25^‘oC 


C 

Glass. 

i'5io6 


1 

i’SIQS 

fj. of the material 





of the cell used. 

Quartz (Right 

I ‘ 545 ° 

i' 5^99 

I’SSS'J 


handed) 





Didymium glass. 

I'SiSs 

1*5222 

1-5380 



§ 4. ACCURACY ATTAINABIvB WITH THK APPARATUS 
^ AND ITS ADVANTAGES. 


In the earlier paper {loc. cit.) some of the important methods for the accurate 
determination of refractive indices of thin transparent plates of solids had been 
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summarised. The results of measurements on glass by successive settings given 
in table I, show that the probable error of the mean result is ± ‘0002 and that a 
dismantling of the uhole arrangement and reassemblage do not change the 
probable error. This means that the apparatus can be relied upon for reproducing 
results within the same degree of accuracy. 

It is interesting to compare the degree of accuracy obtained with this form of 
refractometer w itli that \\'hich some other well known apparatus poSwSess. The 
latter is listed in Handbuch der Physik, Band XVIII, 1927, pp. 643, 700, 702, 687, 
from w’hich it would appear that the uncertainty lies in the fourth decimal place 
in most cases and this is what is claimed for this apparatus. 

A very much Ingher degree of accuracy has been claimed for the Jamin and 
the Rayleigh forms of the lefractometer, but the strict temperature control 
necessary to be able in reality to utilise the full power of the instruments with 
reliability, is a matter of such practical difficulty as to be well nigh impossible of 
realisation in the majority of cases. 

'1 able II contains results of measurements of lefractivc indices of a number 
of liquids and solids with respect to three standard lines, namely the red Ha, green 
11 (i lines of hydrogen, and the yellow line of sodium. These values enable the 
dispersion of the materials to be easily calculated. 

The observed values of refractive indices at the temperature of the cxiieri- 
ment have been reduced to the values at temperatures given in the Constant books 
with the help of appropriate co-efficients when available in the books, for the lines 
chosen. The best agreements in the case of liquids is to be found for water and 
benzene for sodium light wdiere the accuracy lies in the fourth decimal place. 
These were the purest liquids we had. The results wdth respect to Ha line are 
not so accurate because of the difficulty of visual observation in that 
region. 

It wall thus be seen, that the results obtained wdth this form of refracto- 
meter whose chief merit lies in being inexpensive and capable of being built up of 
parts easily obtainable in any physical laboratory, arc of considerable degree of 
dependable accuracy. 

Further, the instrument to be insed requires only a small bit of a plane 
parallel transparent plate and does not require the substance to be cut in any 
particular form and thus possesses an advantage of its own. 

It is intended to describe the application of this new’ type of refractometer 
to the study of the anomalous dispersion of didymium glass, in a subsequent 
paper. 

Physics Ladokatory, 

Patna Scihnck Couix'^k. 

RKPKRKNCE. 

1 P. S. C. Bulletin No- 3 , p. 24, 1933. 
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STRUCTURE OF AROMATIC COMPOUNDS. 

Part I, Acenaphthene. 

By K. BANERJEE. D.Sc. 

Reader in Physics, Dacca University, 

AND 

K. L. SINHA, M.Sc. 

ABSTRACT.— From an analysis of the estimated intensities of X-ray refleetions from n 
number of planes and by combining the available magnetic data, it is found that the two fold 
axis of the molecule lies parallel to the b-axis while the molecular i^Iaiie is inclined at 26° to 
the c-face. The estimated intensities are satisfied by the assumption of a plane structure of 
the molecule 'J'hc distance betw'ecn an aliphatic carbon atom and its adjacent aromatic carbon 
atoms is 3.47A'', and that between the two aliphatic carbon atoms is q.oiA“, The angle 
betw'^een the aliphatic bond and the aliphatic-aromatic bond is and niiglcs bel\A'een 
the latter bond and the adjacent bonds in the naphthalene nucleus are 114“ and 
126^ 


INTRODUCTION. 

The high rigidity of the benzene ring in aromatic compounds is a very 
useful guide in the complete determination of the structures of such substances. 
'J'hese rings may be considered as separate units. Their size and shape as well 
as the arrangements of the carbon atoms inside tlieTii are hiiowii completely from 
the determinations of Tousdalc’ and have been shown to remain unchanged in 
the condensed rings of naphthalene and anthracene*’ as well by one of the present 
authprs. 'i'he benzene ring has been found to occur with its characteristic shape 
and size in all the aromatic crystals studied later on excei)t in benzoquinone in 
which the valency bonds inside the benzene ring arc altered due to substitution 
of hydrogen by divalent oxygen. For determining the structures of the more 
complicated aromatic compounds, it is therefore possible to start with the 
known structure of the benzene nucleus and thereby the problem is simplified 
considerably. 

Another very important guide to the structures of aromatic crystals is the 
magnetic property. From experiments on optical scattering and magnetic 
birefringence it was known that the benzene molecule has a very high optical 
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as well as magnetic anisotropy. One of the present authors found ^ that the 
optical and magnetic anisotropies in naphthalene and anthracene crystals measured 
by Hhagavanlam^ conform nicely with the structures determined from X-ray 
niLasurements. This magnetic method was found by Krishnan and his colla- 
borators to be extremely helpful in structure analysis of aromatic compounds. 
In a series of communications we propose to publish the results of a systematic 
study of the structures of aromatic organic comi)ounds in which the data of our 
X-ray measurements are combined with the magnetic properties of the crystals 
as measured by Krishnan and othcis or by ourselves, and thereby to determine 
their atomic arrangements. 

In this paper we shall present the results of structure analysis of acenaph- 
thene. 'i'he carbon skeleton in the structural formula usually put forward by 
chemists is given below. | 



The two aliphatic carbon atoms (tj) and (12) are connected by a single bond. 
Ill aliphatic compounds, however, we khow that the angle between two bonds is 
the tetrahedral angle of nearly ioq*^ and the C-C distance is 1.5^ A'’ but as drawn 
here the angle between ChC,! and Cl iC] 2 apparently a right angle and the 
distance C] ]Ci 2 appears to be much greater than 1 .54A°. But if the aliphatic 
distance is to be preserved between these two carbon atoms the bonds CsCi 1 and 
C)Ci2 should be inclined from the symmetrical position. So it is interesting to vSee 
whellicr the atoms lie in the symmetrical positions, or in positions demanded by 
the alijdiatic C-C distance or in positions difl’crciit from both. 

Space-group oj Accnaphilicue. Acenaphthene crystals belong to the ortho- 
rhombic bipyramidal class, The axial lengths as determined by us are 

ao = 8.32A° ; bo = i4.i5A° ; and Co = 7.26A° 

and the number of molecules per unit cell is 4. The.se values are in agreement 
with those determined by W. H. Bragg. The space-groux^ was found to be 
Do /ify/x/x previously by Hcrtel and Kleii from a few X-ray rellections. As w^e 
have an oscillation camera of high resolving power (diameter 17.18 cm.^ it became 
possible for us to identify an extremely large number of reflecting planes and 
thereby to determine the space-group unequivocally. A list of the reflecting 
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planes thus identified are given in Table I. It will be seen from the table that 
the ‘ ausloschungeii ' observed by Hertel and Kleii aie completely verified, riz,, 
that planes of the type o k 1 with 1 odd are absent. There arc no other syvstematic 
* ausloschungen.’ This shows that the be plane is a glide plane of syninietry with 
glide component along the ' c * axis, the other two axial planes being ordinary 
planes of symmetry. 

As there are four molecules in the unit cell the possible molecular symmetry 
according to Astbury and Yardley's ' tabulated results on spacc-groups, is 
either a two fold axis normal to oio or a plane of symmetry i)arallel to oio 
or OUT, 


Tabi^e I. 

Tist of reflecting planes for acenaphthene 
((Oscillation about ' b ’ and ‘ c ' axes) . 


A:\tal planes. 


I’laiie. 

Iiilcnsily. 

Plane. 

1 Intensity. 

o 

c 

v.s. 

090 

v.w. 

o 

o 

s. 

0 10 0 

w. 

0 0 6 

s. 

0 TI 0 

, ni. 

030 

m.s. 

2 0 Q 

s. 

0 

0 

v.s. 

0 

0 

m.s. 

070 

ni.w. 

400 

in.w. 

080 

v.s. 

0 

c 

m.s. 



600 j 

v.v.w. 


Pi ism Planes. 


Plane. 

Intensity. | 

riane. 

Intensity. 

012 

V. s. 

032 

m. 

014 

V. s. 

034 

m. 

016 

m. 

036 

V. w. 

022 

m. 

042 

w. 

024 

m. 

046 

w. 

026 

w. 

052 1 

s. 
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Prism Planes (conLd.)- 


Plane. 

Intensity. 

Plane 

i 

Intensity. 

Cl 5 6 

111. 

404 

m. 

C) 6 2 

v.s. 

'I 0 5 

m. 

(j 7 2 

s. 

409 

in. 

o 8 2 

111. w. 

407 

ni. 

() 9 2 

m. w. 

5 0 1 

s. 

O TU 2 

w. 

5 ^ 

m. 

CJ 11 2 

111. w. 

5 0 3 

, in. 

0 1 :: 2 

111. 

5 4 

1 

I (j 1 

s. 

5 0 3 

\ m.w. 

1 0 2 

V. s. 

507 

\lll.W. 

I 0 3 

s. 

601 

\ 

w. 

104 

s. 

602 

m. 

1 5 

s. 

603 

m. 

106 

ni. w. 

604 

in.w. 

107 

111. w. 

603 

in. 

201 

v.s. 

701 * 

v.w. 

202 

s. 

702 

in. 

203 

s. 

703 

m. 

204 

m. 

704 

in. 

205 

in. 

8 0 T 

ni.w. 

c 

G^ 

ni.w. 

802 

w. 

301 

s. 

803 

m.w. 

302 

s. 

804 

m.w. 

303 

ni. 

902 

w. 

3 0 A 

w. 

903 

w. 

3^5 

v.w 

120 

v.s. 

306 

w. 

130 

s. 

401 

s. 

140 

m. 

* 




402 

s. 

1 5 0 

m.w. 

403 

m. 

160 

m .w . 
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Prism Planes 


Plane. 


] 

1 

Intensity. 

Plane. | 

Intensity. 

I 7 

0 


w. 

3 

13 

o 

V. V. w. 

1 8 

o 


XXL. 

4 

I 

0 

m. 

I 9 

o 


w. 

1 4 

I 

o 

m. 

1 lO 

o 


m.w. 

4 

3 

o 

V. w. 

1 XI 

0 


m.w. 

4 

4 

o 

V. w. 

I 13 

0 


1 w. 

4 

5 

0 

w. 

I 14 

o 


V. V. w. 

4 

6 

0 

m. w. 

2 I 

o 


s. 

4 

7 


m. 

2 3 

0 


ni. 

4 

8 

o 

w. 

2 4 

o 


in. w. 

4 

9 

0 

V. V. w. 

2 5 

0 


m. 

4 

lO 

0 

V. V, w. 

2 6 

0 


s. 

4 

12 

0 

V, w. 

7 

o 


m.w. 

4 

13 

o 

V. w. 

2 8 

o 


V. w, 

4 

14 

0 

V. w. 

2 lo 

0 


V. w. 

5 

X 

0 

m« 

2 II 

o 

' 

V, w. 

5 

2 

0 

m. w. 

2 12 

o 


w. 

5 

3 

o 

w. 

2 13 

o 



5 

4 

0 

m. 

3 1 

o 


m. 

3 

5 

0 

m. w. 

3 2 

e 


1 

5 

6 

0 

s. 

3 3 

0 


V. V. w. 

5 

7 

D 

w. 

3 4 

0 


m. w. 

5 

10 

0 

w. 

3 5 

o 


s. 

5 

IZ 

0 

w 

3 ^ 

0 


m. 

5 

13 

0 

w. 

3 7 

0 


w. 

5 

14 

0 

w. 

3 8 

o 


V. w. 

6 

1 

0 

m. w. 

3 9 

o 


V, V. w. 

6 

s 

0 1 

in. w. 

3 10 

3 


Xtl. w. 

6 

3 

o 

w. 

3 11 

0 


w. 

6 

4 

o 

V. V. w. 

3 12 

-0 


m. w. 

6 

5 

o 

m. w. 


aaMgiTwii 


4 
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Prism Planes (contd.). 


PUne. 

Intensity. 

Plane. 

Intensity. 

660 

V. V. w. 

7 11 0 

w. 

670 

V. V. w. 

820 

m. 

690 

V. w. 

830 

V. w. 

710 

m. 

860 

V. w. 

730 

m. w. 

940 

V. w. 

750 

V. V. w. 

960 

ni 

760 

m. w. 

0 

0 

w. 

7 10 0 

w. 


i 


General Planes 


Plane. 

Intensity. 

Plane. 

Intensity. 

Ill 

V. s. 

I 5 2 

s. 

X I 2 

s. 

I 5 3 

1 

V. s. 

113 

m. 

154 

1 ni. 

1 I 4 

m. w. 

I 5 5 

V. w. 

I I 5 

w. 

I 6 I 

in. w. 

1 I 6 

V. V. w. 

162 

m. w. 

I a I 

m. 

X 6 3 

w. 

122 

m. 

164 

w. 

123 

V. w. 

I 6 5 

s. 

126 

V. V. w. 

1 6 6 

s. 

1 3 X 

V. 6. 

167 

w. 

I 32 

m. 

I 6 8 

w. 

I 3 3 

ni. w. 

I 7 I 

s. 

.1 4 2 

m. w. 

172 

m. w. 

14 3 

a. 

I 7 3 

m. 

144 

y. V. w. 

I 8 I 

m. w. 

3 f'. 5 .' 2 

V- s. ,, 

182 

m. w. 
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General Plants {contdX 


Plane. 

Intensity. 

Plane. 

Intensity. 

00 

V. V. w. 

242 

8 . 

I 9 I 

w. 

243 

V. w. 

192 

m. w. 

* 4 4 

m. w. 

X 10 X 

m. w. 

245 

w. 

1 10 2 

V. w. 

246 

Y. Y. W, 

X 10 3 

m. w. 

247 

Y. W. 

X IX X 

s. 

251 

m. 

I II 2 

w. 

352 

m. w. 

I XI 3 

w. 

® S 3 

m. 

1 X 2 2 

w. 

254 

8 . 

I X 2 3 

m. 

255 

m. 

I 13 I 

m, w. 

256 

m. 

2 X X 

V. s. 

257 

Y. W. 

2 12 

8 . 

958 

m. w. 

213 

m. 

261 

Y. 8 . 

214 

m. w. 

262 

Y. 8 . 

2 1 5 

m. 

263 

Y. 8 . 

3 x 8 

V. w. 

264 

8 . 

2 2 1 

V. 8 . 

265 

W. 

2 2 3 

m. w. 

267 

Y. W. 

223 

8 . 

2 7 X 

m. 

224 

V. w. 

373 

W. 

225 

w. 

273 

m. w. 

231 

m. 

2 8 I 

m. 

232 

w. 

282 

V. w. 

233 

m. w. 

2 8 3 

m. w. 

234 

T. w. 

3 9 X 

w: 

13 5 

w. 

2 10 X 

Y. W. 

237 

V. V. w. 

2 XO 5 

Y. W. 

241 

m. 

2 II I 

v; w. 
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Gentri^^ Planes {c(mtd.). 


Plane. 

Intensity. 

Plane. 

Intensity. 

2 tl 

a 

V. w. 

^ 3 4 

5 

w. 

a XI 

3 

▼. w. 

3 4 

6 

V. w. 

I xa 

I 

w. 

3 5 

1 

V. s. 

a 12 

a 

w. 

3 5 

2 

s. 

2 12 

3 

w. 

3 5 

3 

m. 

a 13 

X 

V. w. 

3 5 

4 

m. 

a X 3 

2 

V. w. 

3 5 

5 

w, 

1 

2 J4 

2 

V. w. 

3 6 

I 


a X4 

3 

V. w. 

3 6 

2 

\ 

3 * 

X 

m. 

3 6 

3 

m.\w. 

3 I 

a 

s. 

3 6 

A 

m. 

3 I 

3 

s. 

3 6 

5 

m. w. 

3 * 

4 

V, w. 

3 6 

6 

w. 

3 z 

5 

V. w. 

3 6 

7 

V. w. 

3 a 

6 

V. w. 

3 7 

I 

m. w. 

3 a 

I 

m. w,. 

3 7 

a 1 

V. W. 

3 a 

2 

V. w. 

3 7 

3 

m. 

S a 

3 

V. V. w. 

3 8 

3 

w. 

3 a 

4 

V. w. 

3 9 

I 

m. w. 

3 3 

I 

m. 

3 9 

2 

m. w. 

3 3 

2 

m. 

3 10 

I 

w. 

3 3 

3 

V. w- 

3 10 

2 

w. 

3 3 

4 


3 10 

3 

w. 

3 3 

5 

w. 

3 II 

I 

w. 

3 3 

7 

V., w. 

3 II 

X 

m, w. 

3 3. 

8 

m. 

3 II 

3 

V. w. 

3 4 

I 

m. 

3 la 

z 

m. w. 

3 4 

a 

• 

m. w. 

3 la 

a 

m. w. 

3 4 

3 

m. w. 

3 « 

3 

w. 

3 4 

4 

w. 

3 13 

z 

V. w. 
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General Planes {contd,)^ 
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Planes. 

Intensity. 

Planes. 

Intensity. 

3 13 3 

V. w. 

4 7 

3 

w. 

3 13 3 

w. 

4 8 

I 

w. 

4 1 I 

m. 

4 8 

2 

V. w. 

4 I a 

s. 

4 9 

I 

V. V. w. 

413 

8. 

4 9 

2 

V. w. 

414 

m. 

4 9 

3 

V. w. 

415 

w. 

4 10 

2 

m. w. 

4 a I 

m. w. 

4 II 

X 

w. 

43 a 

m. 

4 ii 

2 

m. w. 

4 3 4 

w. 

4 II 

3 

w. 

435 

V. w. 

4 12 

2 

w. 

436 

V, w. 

4 12 

3 

y. w. 

4 3 I 

m, w. 

4 13 

I 

T. V.*W. 

433 

w. 

4 13 

2 

w. 

433 

V. w. 

4 13 

3 

W, 

434 

w. 

5 I 

X 

m. 

4 4 * 

w. 

5 I 

2 

m. w. 

443 

V. w. 

5 I 

3 

m. w 

4 4 4 

V. w. 

5 I 

4 

V, w. 

451 

ra. 

5 I 

5 

V. w. 

45 a 

V. w. 

5 I 

6 

V. w. 

4 5 3 

V. w. 

5 3 

2 

▼. V. w. 

4 5, 4 

m. w. 

5 3 

3 

xn. w. 

4 5 7 

V. w. 

5 3 

4 

V. V, w. 

4 6 I 

m* 

5 3 

I 

m. w. 

46 a 

m. w. 

5 3 

3 

T. w. 

4 « 3 


S 3 

4 

w. 

4. 6 4 

mu w. 

5 3 

5 ' 

1 

V, w* 

466 

m, w. 

5 4 

X 

1 

T. W. 

4, 7 I 

w. 

5 4 

5 

V, w. 
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General Planes (contd.). 


Planes. 

Intensity. 

Planes. 

Intensity. 

5 4 « 

V. w. 

5 13 I 

V. w. 

5 5 I 

V. w. 

6 x 1 

xn. 

5 5 3 

8. 

6 X a 

m. w. 

5 5 3 

m. w. 

613 

m. w. 

5 5 4 

m. w. 

6 I 4 

V. w. 

5 5 5 

V. V. w. 

6 X s 

▼. w. 

5 5 ® 

▼. w. 

631 

r 

5 5 7 

w. 

6 a a 

kw. 

5 6 I 

m. 

623 

T 

56a 

s. 

635 

v.\ v. w. 

5 ® 3 

m. 

631 

m. w. 

564 

w. 

632 

m. W' 

5 ® 5 

w. 

633 

V. V. w. 

s 6 6 

w. 

634 

V. w. 

571 

m. w. 

® 3 5 

0 

V. T. w. 

57a 

mj w. 

6 4 I 

V. w. 

5 7 3 

w. 

642 

V. w. 

5 8 I 

m. w. 

643 

m, w. 

5 8 2 

w. 

6 5 I 

s. 

5 8 3 

m. w. 

652 

m. w. 

5 9 I 

ni. w. 

653 

m. w. 

599 

w. 

654 

m- w. 

5 10 I 

V. w. 

655 

m. 

5 10 2 

m. w. 

6 6 I 

m. 

5 10 3 

m. w. 

662 

m. w. 

5 II I 

w. 

663 

m. 

5 II 3 

w. 

664 

w. 

5 la 1 » 

w. 

665 

m. w. 

5 13 a 

w. 

6 6 6 

m. w. 

5 « 3 

w. 

6 71 

m. w. 
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General Planes (canid.) 


Planes. 

Intensity. 

Planes. 

Intensity. 

67a 

w. 

7 5 

4 

w. 

<»3 7 3 

w. 

7 6 

X 

m. w. 

681 

V. V. w. 

7 6 

2 

w. 

683 

w. 

7 6 

3 

m • ■ 

69a 

V. V. w. 

7 6 

4 

w. 

693 

V. V. w. 

7 7 

X 

V. w. 

6 XI I 

V. V. w. 

7 7 

2 

W- 

6 XI 2 

w. 

7 8 

2 

w. 

6 II 3 

w. 

7 9 

2 

w. 

6 12 I 

w. 

7 10 

3 

w. 

6 12 2 

w. 

7 II 

1 

V. V. w. 

7 I 2 

V. w. 

8 I 

I 

w. 

7 I 3 

w. 

8 I 

2 

w. 

714 

V. w. 

8 I 

4 

m. w. 

7 I 6 

V. w. 

8 2 

2 

V. V, w. 

721 

V. w. 

8 3 

I 

V. w. 

722 

V. w. 

8 4 

I 

V. V. w. 

723 

w. 1 

8 4 

2 

V. w. 

724 

V, w. 

8 5 

I 

V. V. w. 

731 

w. 

8 5 

2 

ni. w. 

732 

V. w. 

8 S 

3 

w. 

7 3 3 

V. V. w. 

8 6 

I 

V. w. 

7 3 4 

V. w. 

8 6 

2 

m. w. 

7 4 I 

V. w. 

8 6 

3 

V. w. 

7 4 2 

V, w. 

8 7 

1 

V. w. 

7 4 3 

V. V, w. 

8 7 

2 

s. 

7 4 4 
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General Planes {contd.). 


Plane. 

Intensify. 

Plane. 

Intensity. 

951 

V. w. 

10 X 2 

T. W, 

95a 

m, w. 

xo 2 2 

V. W, 

9 6 X 

m. w. 

10 4 X 

V, W. 

96a 

w. 




Atomic Arrangement in Acenaphthene. , 

As we have seen before from its space-group, acenaphthene molecule must 
possess either a plane of symmetry parallel to the * b ' or the * c ' face or an axis 
of symmetry normal to the ‘ b ’-face. Thus we have to try three\ classes of 
arrangements and let us call them respectively as class * A,’ class ‘ B ’ ' and class 

* C ' From the stereochemical formula of acenaphthene it is seen that the two- 
fold axis if there be one should pass through CgCio- On the other hand if the 
molecule possesses a plane of symmetry, the plane of symmetry must be either 
the plane containing the naphthalene nucleus or the plane normal to that through 
CgCiO’ 

Glass A , — The molecule possessing a plane of symmetry parallel to the 

* b '-face. Two cases may arise according to whether the plane of the naphtha- 
lene nucleus or its normal is the plane of symmetry. In the first alternative, the 
plane of the molecule is the ‘ b ’-face. In that case the diamagnetic suscep- 
tibility along the ‘ b ’ axis should be the maximum, but on the contrary it is the 
minimum as found by Krishnan, Guha and Banerjee. ^ So we may discard this 
type of orientation as untenable. According to the other case in this class the 
length of the molecule should be parallel to the * b ’ axis as it is normal to the 
plane of symmetry. The gram molecular diamagnetic susceptibility in this direc- 
tion should be equal to that of naphthalene along the length of the molecule but 
for the modification due to the two CHg groups at the side. It is highly impro- 
bable that only the two CH2 groups at the side can modify the gram molecular 
susceptibility in this direction from '-39-4 to -'72^1. There is another difficulty 
vvhich makes this orientation impossible. In acenaphthene crystal all the three 
axial planes are planes of symmetry. In the orientation that we are considering, 
since the * b ’ plane is a molecular plane of symmetry the other two planes of 
symmetry are brought about by repetitions of molecules, So we have to accom- 
modate cross-sections of four molecules within the * b'-face of the unit cell which 
is too small for that. Thus the possibility of a plane of symmetry parallel to the 

* b ’-face is precluded. , - — ... . 
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Class *. — The molecule possessing a plane of symmetry parallel to the 

^ c'-face. Here also as before two cases arise. The first case is that the mole- 
cular i)lane is parallel to the ' c ’-face. The gram molecular .susceptibility in this 
case should be maximum along ‘ c ’ and its value should not be less than that 
for the direction noimal to the naphthalene molecule since the average value 
(in ’8) for the molecule is much greater than that for naphthalene (Sq'S). But 
though it has been found to be the maximum along the * c ' axis its value is 
— i 45’6 X while that for normal to the naphthalene molecule is —iS7’2 x 
The other case is jnecluded by the fact that in this case the length of the molecule 
sliould be along the ' c ’ axis and consequently the molecular susceptibility should 
be the minimum while actually it is the maximum. 

Class ' C — Thus we are left with the only possibility that the ‘ b ' axis 
is a two fold axis of symmetry of the molecules so that it coincides with Cj)Cio* 
In this direction it is probable that the susceptibility of the molecule is altered to 
some extent from the value for the naphthalene nucleus due to the presence of the 
two CH2 groups. As regards the susceptibilities in the other directions agree- 
ments may be obtained by rotating the molecule to the requisite amount about 
the two fold axis. 

The mean gram molecular su.sceptibility of acenaphthene is —111*8X10“® 
Let the gram molecular susceptibilities along the length, breadth and thickness 
of the molecule l)e respectively K], K2 and then 

K, + K 2 + Ka = --335’4 X 10 "®. 

Ka is the value aloiifj the ‘b’ axis, so that it is -72'ixi(r®. Hence 
K, + K:i = — 263 3 X 10"'’. The value of the correspoiiding quantity for 
naphthalene is — 226'6 

vSo if we consider that the CH3 groups influence Kj and K3 equally, 
we have 


^ -57’7^io 


K;, = -205-5x10 

Suppose the molecular plane makes an angle « with the c -face then we may 
write out the follovA-ing equation correlating the susceptibilities. 


whence 


ii 7'6 = 57'7 cos'^a + 205'6 siu^n 


a = 3 Q'’ 30' 


5 
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We lave taken from tie known strnctures of tie other aromafre componn* 

the distance between consecutive carbon atoms m the benzene i mgs to be 1.42 A 

whilethosa between C,-C„ and Cf,-C„ have been determmed by tnaJ. At 

first the intensities of the axial planes were calculated for the mo ecu ar p ® 
3 gr with the ‘ c '-face. By alleriug the C,C,s and Ci 1C12 distances and the 
position of the molecule along the * y '-axis within reasonable limits, it was not 
possible to get agreement with the estimated intensities. Ihe angle “ and these 
lengths as well as the position of the molecule along the ‘ b -axis were then varied 


until the best agreement could be obtained. For this the angle is 26^ and the 
distance Cl Cl 2 and Cl iC 12 are respectively 1.47 A' and 2.01 A'". The atomic 
parameters for half of a molecule are given in Table II. 


Tahi.e II. 

Atomic Parameters in Acenaphthene Crystal. 


Atoms* 

X. 

i 

z. 

Cl 

0-131 

*280 1 

•072 

Cl 

•261 


■144. 

0 

Cl 

.261 

•139 

•144 

Cl 

•T31 

•089 

•072 

C, 

0 

'239 

□ 

Cio 

0 

-139 

! 

Cij 

■IJ J 

*400 

-061 

1 


The nature of agreement for the axial planes can be seen from the Table III, 
in which the first column gives the planes, the second column gives calculated 
structure factors and the third column gives the estimated intensities. For the 
calculations, the atomic structure factors for the aromatic carbon atoms were taken 
from the table given by Robertson [Proc, Roy. Soc., Vol. 150A, p. no, 1935) and 
for the aliphatic carbon atoms, the values given by Ponte for diamond were 
adopted {Phil Mag., Vol. 3, p. 195, 1927). 

« 

From the above discussions we find that the distance CgCj i = CiCi2 = i-47A°, 
and Cl iC] 2 = 2.oiA°. The angle CgCj jCi 2 = the angle C|Ci 2Ci i =97° and the 
?ngle CpCgCp =the angle C.,CiCi2=ii4'’. Thus we see that the bonds C^Cj] 
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Calculated and observed Jnlensitics of Reflection- 


Indices. 

1 

Calculated vStnicture I ''actor. 

Kstimated Intensities. 

200 

— 26-2 

s 

300 

- IT7 

rns 

400 

- 7*2 

mw 

500 

- 32-3 ' 

ins 

600 

- 3-4 

vvw 

030 

- 19-4 

ms 

040 

- 32-3 

vs 

050 

— ti-6| 

I 

i 

Not observed. 

060 

.s-q] 

1 


070 

— ii'i 

inw 

oSo 

41-8 

vs 

OQU 

- 

vw 

0(10)0 

8-3 


0(11)0 

— i9’o 

ni 

002 

72*3 

vs 

004 

17-2 

1 s 

006 

— 16' 1 

i s 

1 

i 


and C 1 C 1 2 have propertie.s intermediate between aliphatic and aromatic carbon 
atoms, both as regards angle and size, while the purely alipliatic bond C 1 1 C 1 2 
has been lengthened out. 
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ABSTRACT. Mcnsurcnicnls of IbcMlielectrir amstniit uf an i-onic nu flinin belvvccn 
he plate and the filament of a dulheiniUinp[ sercen-grirl valve (and also of a triode) have hern 
made for different thermionic ourrents and for a certain tange of iiltra-shorl wave-lenglhs. The 
dielectric cxmslaiit has been found first to decrease and then to increase with the inen^asing 
values of the thermionic ('urrent. This variation has ht'cn e\i)laincd in view of certain 
cliaractcristic- features assot’iated with the thiTiiiionic valves. 

The dielectric constant of the electronic nii’dimn has been found to decrease v\ ith the 
wave-length for the shorter wave-lengths. This variation is not in perfe('t agrixnienl with the 
liccles-Larmor formula Beyond a certain wave-length the dielectiic eonstaiil of the medimn 
increases again with the wave-length. The unmistakahle turjiing j)oint in the dieleiTric 
ecnTstant-wave-length curve suggCvSts some kind of resonance effect. 


1. INTRODUCTION. 

Experimcritiiig with pure electronic atmosphere obtained by heating a metal 
filament in a vacuum, Henliam ^ and Dergmanii and During " showed that the 
dielectric constant w^ould bele.ss than unity. Repeating Hergmann and Diiriiig's 
experiments Sil observed that the value of the dielectric constant w^onld be 
sometimes less, sometimes greater than and sometimes equal to unity. Most of 
these investigations are of a qualitative natine. Recently liasad and Venna ^ 
have publivShed some experimental results with an electron atmosplicrc in a screen- 
grid valve, employing longer wave-lengths fSi m. to 5^^^^ Iheir results 

show a quantitative agreement with the Eccles-Ivarnior tlieory. 
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The object of the present investi^^ation has been to measure the dielectric 
constant of an electronic medium between the plate and the filament of a thermio* 
nic valve for different electronic concentrations and for a certain range of ultra- 
1 ort wevc-lengths. In interpreting these experimental results, due consideration 
has been given to the iion-imiform distribution of electrons in the space between 
the plate and the filament of the thermionic valve and also to the finite time 
^vhich elapses between the entry of the electrons into the inter-electrode space and 
their absorjition by the plate. 


2. method and scope of the investigation. 

Briefly the method has been to set up an ultra-short wave oscillatpry circuit 
with a suitable coil and a capacity. The capacity is the plate-filamenlt capacity 
of a thermionic valve. A Lecher wire system inductively coupled to the coil of 
the oscillating circuit measures accurately the change in the wave-length of the 
oscillation due to the change in the inter-electrode capacity when a thermionic 
current is passed between the plate and the filament. The dielectric constant of 
the electronic medium in the thermionic valve can be calculated from the 
meavSureinent of the wave-lengths when the thermionic' current is off and on. If 
L be the inductance of the coil and C the capacity of the condenser in the 
oscillatcny circuit, the wave-length is given 


where A is a constant. 'Phe value of C is changed to C' when the space between 
the plate and tlie filament is filled with an electronic atmosphere. The wave- 
length of the oscillation is therefore modified. The modified wave-length is 

then given by 

A'=Aa/L.C' 

so that the dielectric constant of the medium is given by 


According to Eccles-Larmor theory 
• K = i 


47rNc - 
7n(u)" + v^) 


• We have neglected here the interaction of the oscillating valve on the oscillatory circuit. 
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where 

u)=anj’ular frequency of the oscillation, 

v=co]lision frequency of the electrons, 

N= electron density, 

c and m are the cliari^c and mass of an electron. 

Since the collision frequency v can be ne.^leclcd in a high vacuum valve 

A 

or 

A^ me- 

The electron-density N can be calculated from this relation. 

Two distinct sets of experiments have been performed. 

(1) Keeping the wave-length of the valve-oscillator constant, the tlicnnioiiic 
current has been varied and the shift of the tuning poijit of tlie Lecher wire system 
accurately measured. Thus for different thermionic currents, the values of the 
dielectric constant have been estimated from these measured shifts. 

(2) Keeping the thermionic current constant, the wave-length of the valve 
oscillator has been varied over a certain range and wave-length-measurements 
made wnth the thermionic current on and off. 

The ])late-lilameiit capacity of a dnll-emitting screen-grid valve fP. INI. T4) 
has been emidoyed in this investigation. vSimilar inter-electrode eai)aeity of a 
bright-emitting triode valve (' Ora ’ valve) has also been tried. 


KXPKRTMBNT AL A R R A NO B MKNTS. 

The circuit arrangement adojtol in the measurement of the dielectric cons- 
tant of an electronic medium inside a thermionic valve is sho’wn in figures rfa) and 
j(h). The oscillatory circuit consists of a single turn 2" to 3" in diameter of t/8 " 
copper tube L and the pilatc-filament capacity A T' of a screen-grid tetrode or a 
triode valve. A small variable condenser C 1 has been employed for retroaction 
wdiile suitable choke coils having self-resonance at approximately the W'Orking 
wave-length have been used in all the direct current snpidy leads to the valve 
electrodes. A ]diiiii)S T. C. 03/5 valve w ith a suitable grid-bias has been employ- 
ed for generating the ultra-short Avaves. The single turn of the copper tube has 
been coupled loosely to another loop the tw o ends of which are connected to the 
ends of a pair of parallel Lecher wires (No. 18 bare copper wire). The wave- 
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OvScilkilion can be accurately iiicasiired l^y Ibu Leclicr wire vSysteiii. 
For accuracy of nieasiirenicnts a lliird i)arallel wire filled wntli a lonj^^ wooden 
scale ruiniiiii; parallel lo it has been fi>^ed closed lo one of Ihe U\o beclier wdres. 
A copper bridge mounted oji a suitable el)onile handle can be moved across the 
pair of J.echer wires and the iiosition of the bridge noted for resonance by ob- 
serving' the quenching of a small lamp in the oscillatory circuit. A tclesc()])e has 
been used for the observations whenever necessary. An A. C. milli-am meter has 
also been used for determining the positions of resonance. The ammeter has been 
suspended from the bccher wires hy two vertical rods of the same size, the upper 
ends of wdiich slide along the wires and the low er ends of which are rigidly fixed 
to the terminals of the ammeter. The ammeter has been allow ed to rest on a 
suitable stand. 7\ slider with a pointer is then fixed on the third measuring ware 
and the scale leading noted for the position of resonance. Ihe next position for 
resonance can be determined in a similar way and fixed by another slider on the 
measuring wiie. Tlie wave-length is determined l)y doubling the distance between 
Ihe two consecutive inisitions. 

vSince it is necesstiry to aj>ply a high voltage to the anode of the valve, the 
inter-electrode cajticity (^f which is under examinatiem, a neutrodyne condenser 
has been placed in the hui]) circuit in order to avoid short circuit through it. 
Another condenser C has been inserted to inotect the grid of the oscillating 
valve. With suitable high voltages to the anode and the screen grid of the valve 
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the wave-lengths of the oscillations have been accurately determined with the 
filament current off and on. The dielectrit constant of the medium is then calcu- 
lated from the observed change in the wave-length of the oscillation. 


4. MEASUREMENTS OF THE DIELECTRIC CONSTANT OF THE 
ELECTRONIC ATMOSPHERE FOR D1FFf:reNT 
THERMIONIC CURRENTS. 

Measurements of the dielectric constant of the electronic medium between 
the filament and plate of the two thermionic valves have been made for different 
values of the plate curent. In the case of the liright emitting triodc valve (the 
“ Ora ” valve) the plate current ha^ be,en varied by varying the plate voltage and 
in the case of the screen-grid valve, the ijlate current has been changed by 
changing the screen-grid voltage. The variation of the plate current by varying 
the filament current has also been tried in the latter case. 

‘Ora’ value 

•996— 

•994— 

^ -992- 

I -gg"— 

§ -988— 

Cl 

•| 986- 

I -984- 
-982^ 

■q8o— 

•978— 

60 70 80 90 TOO no 120 130 140 

Atiode voltage in' volts 

, A.. - - ' ' - ' - 

Figure, 2. 

^ These experimental resuhs are illnslrated in figures 2 , 3 , 4 
slroAV that the dielectric constant of the electronic niedinin decreases at first apd 
‘subsequently increases with the increasing values of the thermionic current. The 
‘ values of the electron density are on calculation foupd to be of the order of 4 q 
c:‘C. 



0 
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Mallard P.M, 14 vavie 
\*»425 cm. 


I “ 

§ '^ 99 - 
■| - 997 - 

<U 

% ‘ 995 — 
Q 

•993— 


•QQl— I 

•989— 

I 

60 



70 80 90 100 no 120 130 C \ 


Screen-grid voltage in volts 


Figure 3- 


Mallard P.M. 14 



Filament current in M.A. 

Figure 4. 

It is to be noted here that in the case of the bright-emitting ** Ora " triode 
valve it has been tested whether the change in the inter-electrode capacity is due to 
the heating effect of the filament. The current has been found to raise the tempera- 
ture of the outside glass surface of the valve to about 40 i.e., about 10° above 
the room temperature in about 15 sec. By placing a high power electric lamp 
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Mullard P.Mp I4 valve 
^-469-4 cm. 



Screen-grid voltage in volts 
FlGtTRE 5(0), 


Mallard P.M. 141 A =516-8 cm. 



Figure 5(b). 


near the valve, the temperature of the outside of the valve could be raised to 
above go'C. It has been shown that raising the temperature to 40®C does not 
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affect the wave-length of the oscillation. ■ While doing this test, the oscillatory 
circuit has been protected from the lietit of the electric lamp. Further, it has been 
found that when the grid-plate capacity has been inserted in the oscillatory circuit 
and the plate disconnected from the high voltage the wave-length of the oscillation 
remains the same, whether the filament is off or on. (The filament is about ■3cm. 
away from the grid.) This negative result is a test that the temperature effect on 
the inter-electrode capacity is negligible. As soon as the plate is connected to 
the high voltage and the filament is on, the wave-length has been found to be 
definitely shorter showing that the value of the dielectric constant is less than one. 

5- INTERPRETATION OF THE ABOVE RESULTS. 

There arc factors which should be taken into consideration in interpreting 
the experimental results with the thermionic valves, h'irstly the distribution of 
electrons is not uniform in the space between the filament and the plate im a valve 
under the condi,tions of the experiments and an increase of the plate curt^nt does 
not necessarily mean an increase, in the average electron-density . in tlite inter- 
electrode space. Secondly, the time which elapses between the entry of the 
electrons into the inter-electrode space and their absorption by the plate is finite, 
while we know that for the Eccles-Tariiior formula to hold, the electrons should 
remain in the space between tire; electrpdes for , an indefinite period or at least for 
an interval of time long compared with the period of oscillations. We shall con- 
sider the latter effect first. » 

(i) The effect of the time of stay of the electrons in the inter-electrode space 
on the dielectric constant of the electronic medium: 

If T be the time of slay of the electrons, Benner ' has shown that the change 
in the dielectric. constant will be given by 

_ sin <iiT \ 
mu> ® \ ii)T / 

As the plate voltage in our experiments with the triode or as the screen, grid 
voltage in the experiments with the screen-grid tetrode has been increased 
gradually, it is evident that the time of stay T of the electrons in the inter-elec- 
trode space wfill be gradually diminished. On inspecting Benner’s formula, it 
will be found that the change of dielectric constant will also gradually decrease 
with the increase of the plate voltage or the screen-gi'id voltage. We shall give 
here an approkimate estimate of the lime of transit of the electrons. 

Let the plata voltage V of a triode valve be 50 volts. Then since 
e.W — \mv^ , where c, m and v are the charge mass and velocity of the 
electron. 

'■ ■■ ■■ ■ ■; . v.— 4'2,x ipScm/gecr- 
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The time of transit* will then tje given by 


4 $ 


ij>_ Distance between the filamen t apd plate 
velocity of the electrons 


= z? = .71 X io“® sec. 

4.2 X 10" 

: ' ■ i 

Similar calculations for the plate voltage = 150 V show 

T=.39X io“® sec. 


In table I are given the calculated values of y fcyr various values 

of T and wT. _ We have taken 1^=4.71X10® (A = 4m). This is illustrated in 
figure 6. 



012.'^ 


Time x 10® iu sec. 


Figure 6. 


** A more detailed calculation pf the time of transit taking I into"qonsideration the cylindri- 
cal shape of the plate can however be made according to Mitra andSll's formula (Phil Mag. 7, 
XIII, p. io8i, 1932). 
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Table I. 


T. 

«T. 


•22 X 10'* 

sec. 

‘105 

•002 

•63 II 

1, 

‘297 

•015 

1-07 

i» 

■506 

•043 

1-52 

p* 

•716 

■083 

1-91 

II 

•908 

■132 

2-66 „ 

IP 

1*204 

1-225 

3-19 

If 

1*501 

^36 

The greater the plate voltage (or the screen-grid voltage), the si\aller is T 
and hence less is the decrease in the value of the dielectric constant. In other 


words the dielectric constant will increase with the voltage. 

(2) The effect of non-uniform distribution of electrons in the inter-clectrode 
space : 

With smaller plate voltage (or the screen-grid voltage) ^he electron density 
near the filament is much greater than elsewhere. With the increase of the 
plate- voltage (or the screen-grid voltage) there is less of this non-uniformity. 
Following Sirs arguments^ it can be said that a no 7 i-uniform dislributiori of the 
conductivity increases the value of the effective dielectric constant of the elec- 
tronic mediuin. 

It is therefore expected that the dielectric constant will gradually decrease 
and may even attain a minimum value, as there is more of uniformity in the 
electron distribution when the plate voltage (or the screen-grid voltage) is gradu- 
ally increased. 

Thus taking into consideration the effect of non-uniformity of the electron 
distribution which is predominent at lower voltages as well as the effect of the 
time of transit of the electrons on the value of the dielectric constant, we may 
expect initially a decrease of the dielectric constant and subsequently an increase 
as the plate- voltage or the screen-grid voltage is gradually increased. This is 
w^hat has been observed in our experiments, (see figures 2, 3 and 4). 

In the experiments where the dielectric constant has been measured foi 
various values of the filament current in a tetrode (keeping the plate-voltage and 
the screen-grid voltage constant) it can be seen from figure 5 that the dielectric 
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constant decreases and subsequently increases with the increase of the filament 
current. 

With the increase of the filament current, the electron density in the valve 
increases, so that the dielectric constant would decrease as the filament current is 
increased, but here we have also to consider the eflcct of non-uniform distribution 
of electrons in the thermionic valve which works in the oj)i)osite direction. Since 
there is more non-uniformity of electron distribution with larger filament current 
the dielectric constant is expected to increase with larger filament current. 

The increase due to the non-uniform distribution may more than counter- 
balance the decrease of dielectric constant due to larger electron density for the 
larger values of the filament current- The nature of the experimental curve 
showing the variation of the dielectric constant with the filament current can 
therefore be explained. 


6. VARIATION OF T TI K D I K L K C T R T C CONSTANT OF 
THE ELECTRONIC MEDIUM WITH THE 
W A V-E L E N G T H OF THE OSCILLATION. 

The dielectric constant of the electronic medium between the plate and the 
filament of a screen-grid valve has been measured for a certain range of wave- 
lengths. The range of wave-lengths employed lies between 4 m. to 5-1 m. The 
dielectric constant has been found to decrease below unity and then to gradually 
increase approaching unity. The observed change of the dielectric constant in 
he first part of the curve is not strictly proportional to the square of the wave- 



— 
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length. The agreement with the Ecdes-Larmor formula is not tlidefore perfect. 

The experimental results are illustrated in figure 7. 

It is to be mentioned here that Mitra and Banerjee’s’^ experiments with a 
discharge tube and also our own experiments ® with ionized gases have yielded 
similar experimental results. According to Mitra and Banerjee the latter part 
of the curve (showing the anomalous increase of the dielectric constant with 
the wave-length) is due to the conductivity acquired by the medium. This finite 
conductivity may be possible in a high vacuum valve as a result of the collision 
of the electrons against the anode. Usually however in a high vacuum, the 
collision frequency is neglected and the conductivity term regarded as practically 
zero. 

The curves on the other hand strongly suggest some kind of resonance 
effect. No definite conclusion can however be reached as to the Interpretation 
of these curves at the present stage of our investigations^ 
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ON N. R. SEN’S * DERIVATION OF THE LORENTZ 
TRANSFORMATION 

By ZAHUR HUSAIN 

Lahore. 

ABSTRACT. It is indicated after a clo.se analysis that the Principle of Equivalence and 
supplementary hypotheses assumed by N. R. Sen only apparently get over the necessity of 
recognising the constancy of the velocity of light as a separate postulate. 

It is well known that all recent fundamental investigations into kine- 
matics and space and time derive their inspiration from the celebrated and 
subtle memoir of A. Rinstein on “The Electrodynamics of Moving Bodies" 
(i905)‘-* in which the author has attempted to replace the abstract space 
and time relationships of classical physics by concrete, i.e., in principle capa- 
ble of experimental treatment, conceptions. In particular it is pointed out 
that for two ob.servers A and B there exist an A-time and a B-tirae in their res- 
pective immediate neighbourhood and there is no relation between A-time and 
B-time of an a priori nature. The relation between them in this respect is 
established by DEFINITION that the “time" light takes to travel from A to B 
is equal to the “time" it takes to travel from B to A. 

As a consequence of the above definition of “time" the velocity of light 
between A and B becomes the same with respect to the two observers. 

2 AB ^ 

F urther it is assumed that = C is a constant in vacuc 

f i ~Ia 

the velocity of light is independent of the emitting source and is the same at every 
Point oj free space. 

It is obvious that if the last a.ssumption is not taken into account an 
element of creeps into our denned “time” and will introduce a 

corresponding indefiniteness m the transformations to be obtained. 

(See the Appendix.) 

With this definition of “time" two operations (a) and (b) are defined on 
pp. 40-41 of Einstein's paper* which co-ordinate results in the inertial system 
K with results in the inertial system K'. 

We are now in a position to discuss N . R. Sen s treatment of the subject, 

7 
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In accordance with bis Principle of Equivalence ^ N. R, Sen says : — We 
assume two similar clocks at rest at O and O' in the system K and K' respectively. 
The measurements of unit time interval of each clock in its own system by an 
observer at rest in the other system MUST be identical.'" 

From the formal and mathematical standpoints the above statement, of 
course, assumes no more than a mutual reciprocity of relationships but its apjdi- 
cation to physical reality concedes the following considerations : — 

The clock at O (in K) registers an event and simultaneously a light signal is 
sent to O' (in K') and similarly a second event is registered at O after a unit time 
interval and the light signal as before, is sent to O'. Likewise the procedure in 
O' is recorded at O. 

Now when we assert that resuHs reached in K and K' must be icjentical it 
goes with it that we have (amongst other things, like the co-ordination\ of time 
intervals) taken for granted from arperience'^ the constancy of the avemge velo- 
city of light for, at least, the systems under consideration, for othcrwise\ it may 
not be so. 

Again a little reflection will show that if the velocity of light be not, as well, 
issmned to be constant at every point of free space an element of indefiniteness 
will enter into the Iransformalions to be deduced (vSee the Appendix). The 
principle of continuity invoked by N. R. Sen is, essentially, an abstract mask for 

the idea of the constancy of the velocity of light at every point in vacuo. 

0 

Thus we find that vSen's treatment when applied to reality has to recognise 
the principle of the constancy of the velocity of light as an additional postulate. 

It is possible to start from genera: logical premises and reach an ‘^abstract" 
Lorentz transformation but appbeation to the physical world necessitates an 
explicit (or implicit) recognition of the two postulates of .Special Relativity. 

In conclusion I wish to thank my friend Mr. Oomar Farooq for valuable 
hints. 


A P P p: N D I X 

The idea of indefiriitcncss in the transformations Teferred to in the previous 
discussions needs, perhaps, to be elucidated for the average reader. 


* That this has to be a assumption is due to the important fact stressed by 

Einstein (See the foc^tnote to introduction in his paper "The Foundations of the Genera! Theory 
of Re ativity,* ** ic)i6) • that a result may be epistemologically sound but may be in conflict with 
experience. Without it the formal conclusions are restricted to a philosophical vacuum. 
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If in Special Relativity it be not assumed (in consonance with experience) 
that the velocity of light is constant at every point of free space we can have 

2AB ^ ^ (Ci + O.etc. 

I lA — CA 

which results are compatible with the definition of time but whose introduction 
will obvious^ prevent a unique determination of the transformation. 

Similarly C 4 -C|±Co can satis ‘y N. R. Sen’s Kquivalcnce Principle (since 
= t2^i\ and i's — are compatible when — 
the signals being, as understood, sent after unit time intervals of each clock) 
but which naturally lead to an indelinitencss in the transformation formulce. 
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A REPLY TO HUSAIN’S NOTE. 

By N. R. sen. 

Through the courtesy of the Editors I had an opportunity of looting into 
Mr. Husain's note. There appears to be some niisappreliension which I hope 
the following paragraphs will dispel. 

Mr. Husain concludes by saying “ It is possible to start from general logical 
premises and reach an ab.stract Lorentz transformation but application to the 
physical world necessitates an explicit (or implicit) recognition of the two pos- 
tulates of Special Relativity.” 'riiere is nothing in my j)apcr to suggest the 
contrary. But there arc two points rai.sed in Mr. Husain’s note which require to 
be elucidated further. 

Firstly, synchronisation of distant clocks (even in the same system) is 
carried out physically with the assumption of the constancy of the velocity of 
light, so that our time is physically defined by this principle. Thus w’hcn we 
talk of * time ’ in physical (and astronomical) relations we cannot ignore that 
principle. But the justification for this method of mea.surement is it docs not 
lead to a contradiction and is most convenient from the point of view of our 
knowledge of the physical world. My treatment is frankly a logical anais'sis and 
an attempt at a logical construction as has several times been strcs.sed by the use 
of the term formal Lorentz transformation and the necessity of contact with 
reality by experiment. In other words the existence of similar synchronised 
clocks as well as of suitable methods of measurement are assumed. That the 
empirical fact of the constancy of the velocity of light is utilised in our actual 
measurement of time or the electromagnetic wave is used as a causal chain 
between different systems is not relevant to this particular discussion. In the 
usual derivation of the transformation there are explicit equations expressing the 
constanc3? of the velocity of light in all systems. In my note the actual content 
of the Principle of Equivalence has been investigated by dropping these equations, 
which makes this content logically independent of any particular mode of mea- 
surement. Supplementary hypothe.ses were made to bring into evidence the exist- 
ence of a unique velocity characteristic of the Eorentz transformations. 

Secondly, it has been suggested in Mr. Husain’s note that the " Principle 
of Continuity,” assumed by me " is an abstract mask for the idea of the cons- 
tancy of the velocity of light at every point in vacuo.” By " constancy at 
every point ” (?) is probably implied uniformity. But this suggestion is un- 
warranted and is hardly true. Continuity is a far more general assumption than 
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uniformity, and the chances of these two assumptions being identical in source 
are very remote. The appearance of an undefined velocity V in the transforma- 
tion is, however, not without expectation. As a form the transformation as yet 
is void of reality. It is to be made physically realisable by comparison with ex- 
perience, and it is here that contact with reality is possible. 

In the non-homogeneous space, referred to in Mr. Husain's Appendix, the 
matter will be far less simple, w'hen the question will be of the invariance of 
dx^ — c^{x)dt^ . In fact we then have to leave the domain of special Relativity 
and pass on to General Relativity. 
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RAMAN EFFECT AT LOW TEMPERATURE : PHOSPHORUS 
TRICHLORIDE, CYCLOHEXANE AND CHLOROBENZENE * 

By S. C. SIRKAR, 

AND 

J. GUPTA. 

ABSTRACT. The Raman spectra of phosphorus trichloritle, cvelohcxam* and chloro- 
ben7cne have been sludicd in the solid state at the temperature of liquid ox'VRen. No new lines 
have been observed in the neighbourhood of the Rayleigh line in the ease of the fir'-t two subs- 
tances but in the ease of chlorobenzene four new Ram in lines having A>' in eiri ' respeetivelv 
equal to 49, 67, 86 and lo.s have been observed at the low temperature The sipnifirance of 
this f.ict as well is the probable origin of these lines have been discussed in detail In the 
case of the phosphorus trichb ride molecule, all the lines due to the vibrations vj, vj vj and 
are slightly shifted at the low temperature from their respective positions at the room tempera- 
ture and >'3 gives a sharp line accompanied by two weak satellites at the low temperature. 
These facts have been discussed from theoretical point of view, Jn the ca.se of cvclo-hcxane, 
the line I2ti6 enr* is split up into two cquallv intense components at the low temperature 
.showing the twof dd degeneraev of the line and confirming the conclusions of Kohlrausch and 
Stockmair that the probable symmetry of the molecule is S,.. 


INTRODUCTION. 

It was first observed by Gross and Vuks^ that when certain organic subs- 
tances which are liquids at the room temperature are solidilied, some new Raman 
lines having small frequency shifts appear in the scattered spectrum of each of 
these substances. In order to investigate the true nature of the o.scillations which 
give rise to these lines, the Raman si)ectra of a few organic and inorganic subs- 
tances were previously investigated in this laboratory at different temperatures 
including that of liquid oxygen and it was observed that in some cases besides 
the appearance of the new lines mentioned above, some changes take jilacc also 
in the properties of some of the Raman lines due to intramolecular vibration in 
single r.aolecules at the low temperature. As for instance, in the case of chloro- 
form it was oKserved’Mhat the twofold degenerate line 262 cm"' is split up into 
two equally intense lines at 263 cm"’ and 270 cm"’ respectively at the low tern- 


* Read before the Indian Physical Society on the i8th December, 1936, 
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perature, and also in the case of the HaS molecule the angle between the tw’o 
S-H bonds was found'""^ to be changed from go® to about 108® in the solid state at 
the low^ temperature. In order to investigate whether the new lines with Small 
values of Av appear invariably in the case of all substances in the solid state 
and whether other molecules having high elements of symmetry arc deformed to 
some extent at the low temperature, the Kaman spectra of the three substances, 
phosi)horus trichloride, cyclohexane and chlorobenzene, representing three differ- 
ent types of molecules, have been studied in the solid state at low’ temperature 
in the present investigation, and the results are discussed in the present paper. 

I^XPERTMENTAL. 

The liquids used were pure and the purity w as tested in ea(th case by 
recording the Raman spectrum at the loom temperature in the iWiid state. 
The experimental arrangements were the same as used in this laboratcjiy in the 
previous investigations mentioned above. Riquid oxygen was contained in a 
transparent Dewar vessel and in each case a pyrex tube containing the liquid was 
kept immersed in the liquid oxygen and in this condition the Raman siiectrum 
of the solid was photographed. In the case of cyclohexane, the Raman spectrum 
was photographed also at the temperature of liquid ammonia in order to ascertain 
wdictlier some changes observed at the temiieralure of liquid oxygen were due to 
change of state or of temperature. The spectrum of iron arc was photographed 
on each spectrogram and w'as used as comparison . * 

RESULTS AND DISCUSSION. 

Phosphorus trichloride. 

It was found on carefully examining the spectrogram due to solid phosphorus 
trichloride that inspite of the fairly large densities of the Raman lines due to 
intramolecular vibrations, not a single new Raman line appears in the neighbour- 
hood of the Rayleigh line in the case of .solid phosphorus trichloride at the low 
temperature. The significance of this fact wdll be discussed in the sequel. The 
lines observed in lliis case at the tw^o temperatures are listed in table I, in which 
the figures in parentheses indicate the intensities estimated roughly fieri: visual 
exaiiiiiiation of the densities. 

Table I. 

Phosphorus trichloride. 

joX, (liquid) Ai'incm"' 190(4) 25^(3) 484(2^ 5ii(2b) 

-iSoX, (solid) „ „ „ I94(4s) 255(3) 461(18)476(35)482(15) 494(4^) 
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It will be observed from the results given in table I that the line 190 cni“^ 
is slightly shifted towards the longer wave-length and the lines 484 cm”^ and 
511 cm“^ are shifted towards the Rayleigh line and also two new sharp lines 
at 461 cin'“' and 482 cm”' appear when the substance is vSolidified and cooled to 
the temperature of liquid oxygen. It is also observed that at the room tempera- 
ture each of the lines 4840111”^ and 511 cm”^ is very broad and in fact they 
touch each in a manner which indicates that there is a line lying between them. 
In order to explain the width of the lines 484 cm” ^ and 511 cm”^ and the 
sharpness of these lines at the low temperature it is natural to assume that 
rotation of molecules is responsible for the wddth of the lines in the case of the 
liquid state, but a little closer examination of the spectrogram shows that such 
an explanation is not tenable. Each of the lines 484 cm“^ and 190 cm“^ is due 
to an oscillation which is twofold degenerate and the rotation of molecules will 
cause an widening of both the lines to the same extent. Hence due to rotation 
of molecules the line 484 cm”' can be only as broad as the line igo cm”*, but 
actually it is thrice or four times so. Again the line 511cm”* being due to 
symmetric oscillation, rotation of the molecules cannot make it wide but can only 
produce an extremely feeble wing accompanying intense central line. Hence 
rotation of molecules alone cannot be responsible for the observed width of 
these two lines. An attempt may be made to find out whether the width is 
due to presence of isotopes of chlorine. It is well knowm that chlorine has tw^o 
isotopic atoms of atomic weights 35 and 37, the abundance ratio being 3:1. 
Four different types of molecules, viz,, PClit’'^, PClS^Cl’^'^, PCr^^^’Cl^^ and PClft'^ 
can t)c formed out of these two isotopic atoms of chlorine. The percentage of 
each type of molecule in the liquid can be calculated easily wdth the help of the 
theory of inobability. Such calculations give the following results : 

% 


PCI 

42-2 

T 




PCI Cl 
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PCI Cl 
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The molecule being iDyramidal, it has four modes of vibration, all active in 
the Raman effect. Two of these vibrations are symmetrical and each of the 
other two is twofold degenerate. From a knowledge of the factor of deiiolarisa- 
tion of the Raman lines, the symmetric and degenerate vibrations can be easily 
identified and with the help of the values of frequencies of these vibrations, the 
constants of the molecule have been determined by Trumpy.^ If and vg 
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denote respectively the frequencies of the two synunetric vibrations and and v, 
those of the degenerate vibrations, the expressions for V], vs, vg and V4, 
according to Tiiinipy, are 


and 


where 


/ ^ 1 a/a ± ^ 

2 2:r /L_ 

2p 

^ a/b ± 

* ST '' M 

zt> 


A = 3« + “ 
3 
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(i) 

(a) 


I 

) 


a is the normal distance between the chlorine atoms from one another, b is the 
perpendicular distance of the phosphorus atom from the plape of the dilorine 
atoms, m is the mass of the chlorine atom and )a=M/(M "i“ 3?n), M being the mass 
of the phophorus atom. As will be shown in the sequel, in the solid state the 
constants of tlie molecule become a little different from those in the liquid state. 
Taking for as 494 cm"'^ and with the constants for the solid state, v'l 

for PCla^^ becomes 488 cm" Hence this line due to of PCI 3 molecule 
ought to be 6 cm”' away from the line 494 cm”' and the corresponding lines due 
to PClg^'^Cl^^ and PCl^"'‘Cl2"*^ ought to lie between these two lines at distances 
2 cm”' and 4 cm" ^ respectively from the line 494 cm”'^. Since the percentage 
of PCls'^^ molecules is negligible and that of PCl’''^Cl2''^^ is only about 14%, only 
an extra intense line at about 492 cm”' is expected in the solid state due to the 
presence of the isotope Cl and the maximum width of the line due to this 
cause may be only about 4 cm”'. It can be easily seen therefore, that the 
presence of the isotopic molecules can neither explain the observed width of the 
line 51 1 cm”' in the case of the liquid nor can it explain the appearance of two 
new lines at 461 cm”' and 482 cm”' in the solid state at the low temperature. 
The observed width of the line 51 1 cm”' seems to be due to transitions from the 
excited states corresponding to the vibratioijs *'2 V4 . 

The relative intensities of the lines 461 cm”' and 476 cm”' are not equal, 
but are roughly in the ratio I -.2 and therefore they cannot be due to the simple, 
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splitting up of the degeneracy of the line v^. Again, it might be thought 
probable that the lines 461 cni~^ and 482 cm"^ owe their origin to effect of 
anhannonicity of the vibrations so that they might be produced by transitions 
from the excited state of the vibration vg to those of the combined vibrations 
V2 "Hvi and vg +V3, but the ratio of the population of the excited state of to 
that of the ground state is only about o’ 55 : 1 at the temperature of liquid oxygen 
and this is too small to account for the observed intensity of tlie lines 461 cm"^ 
and 4S2 cm”^. Hence the only probable explanation regarding the origin of 
these lines seems to be that the influence of crystalline field on the frequency 
V3 is appreciable and this being different in the three different directions, gives 
rise to three different frequencies, two being of equal intensities and third lying 
between these two being a little more intense. 

The constants of the molecule in the liquid state as given by Trunipy in 
table I of his paper mentioned above, give on actual calculation the values of v^, 
i'2 and V3 slightly different from those which he has given in the same table as 
calculated frequencies. The values of the constants which fit in with the 
observed frequencies have been found out by trial in the case of the liquid state, 
and by solving the equations for cx and /3 in the case of the solid state. These 
values have been given in table II below. 


Taulk II. 
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It will be seen from table II that the values of both and — have changed 

a K' 

in the solid state at the low tempcratui'e. 
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Cyclohexane. 


Just as in the case of solid phosphorus trichloride, no new Raman line was 
observed in the neighbourhood of the Rayleigh line in the spectrogram due to 
solid cyclohexane at the low temperature, although almost all the prominent lines 
of the cyclohexane molecule were recorded with moderate densities. This is 
significant in view of the fact that this molecule contains six carbon atoms 
forming a closed ring like the benzene molecule and the only difference between 
the shapes of the two molecules is that the latter one has a plane structure while 
the former has a puckered structure, and therefore, if the new lines in the 
neighbourhood of the Rayleigh line observed in the case of solid benzene 
be due to lattice oscillations, they ought to have been observed in the c as e 
of solid cyclohexane also. The absence of these lines in the letter case 
probably indicates that these lines are not due to lattice oscillations. This 
point will be discussed in more detail in the sequel. \ 

The spectrogram due to .solid cyclohexane at the low temperatiu-e vms com- 
pared with those due to litiuid cyclohexane at the room temperature and dt about 
200°C. The spectrogram at the high temperature was recorded by one of the 
present authors (S. C. S.) in collaboration with Mr. B. B. Maiti last year. It 
was found that at the low temperature the line 1266 cm” ^ oKserved at the room 
temperature is split up into two lines at 1258 cm”* and 1273 cm”* ; also the 
line 2921cm”* becomes about twice as broad as the line 2936 cm"*. The 
spectrogram due to the liquid at the high temperature shpws that the lines 
425 cm”*, 1028 cm”*, 1266 cm”* and 1442 cm”* and 2921 cm"* become very 
much broader at the high temperature than at the room temperature. Kohlrausch 
and Stockmair ° have concluded from a comparison of the Raman spectra of 
cyclohexane with those of its monoderivatives that since the number of lines 
below 1500 cm”* is much less in the case of cyclohexane than in the case of 
its monoderivatives, some of the lines mu.st be twofold degenerate and the 
probable symmetry of the molecule .should be S6u. For this symmetry of the 
molecule, there ought to be four twofold degenerate vibrations having frequencies 
less than 1500 cm” * . These vibrations have been identified by them with the 
lines 425”*, 10280111"*, 1266 cm”*, and 1442 cm”*. The values of p, the 
factor of depolarisation, of the degenerate vibrations ought to be 6/7 but the 
value of p for the line 1266 cm”* reported by Cabannes, and Rousset,® is o'y. 
Hence there might be some doubt regarding the twofold degeneracy of the 
line 1266 cm”*, but since this line is observed to be split up into two equally 
intense components at the low temperature, the twofold degeneracy of the 
line is established * beyond doubt, and therefore the probable symmetry of the 
molecule is S6u, i.e., the molecule has the “ chair ” form as pointed out by 
Kohlrausch and Stockmair. Of the other three degenerate lines in the spectro- 
gram for the solid, 425 cm”* was very feeble, 1026 cm”* was not split up and 
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the line 1442 cni“^ was found to be broadened a little. All these lines are 
widened very much at the high temperature. Again the line 2921 enr^vas 
found to be a little broader at the low temperature than the line 2936 cm""^. This 
is probably due to the effect of the crystalline field on the autisyinmetric vibra- 
tion of the CH2 group, V)ecausc this line has its origin in that vibration. The 
spectrogram due to solid cyclohexane at the temperature of liquid ammonia 
showed that the line 1266 cm“' was not split into two. Ilcncc this splitting 
is an effect of the lowering of temperature still further. 

Chlorobenzene. 

In the case of solid chlorobenzene at the temi)erature of liquid oxygen, 
the lines of the single molecule arc observed to remain unchanged, but besides 
these lines, four new Raman lines appear with Av in wave numbers respectively 
equal to 49 (2), 67 (i), 86 (7) and 103 (2s). The intensities of these new lines 
are of the same order of magnitude as those of the prominent Raman lines of 
the single molecule. These neAV lines as well as those observed previously in the 
case of f?-dichlorobenzene and y^-dibromobenzeiie at the temperature of liquid 
oxygen are listed in table III for comparison. 

Table III. 

Chlorobenzene Av in cm”' 49 (2), 67 (i), 86 (t) 105 (2s) 

f-Dichlorobenzene ,, ,, 55 (2) 60 (2) — 105 (2s) 

f)-Dibromobenzenc „ „ 42 {3) — — 104 (2s) 

Table III shows that the line 105 cm”' is present in the Raman spectra of 
all the three substances at the temperature of liquid air. According to the theory 

/“pj 

of lattice oscillation however, v(X \/ where T, is the melting point, v 

the grammolecular volume, M is the molecular weight and v the frequency of 
oscillation of the lattice. If by virtue of this relation one of the frequencies 
be coincident in a number of cases, the other frequencies also should be so. 

The above fact, therefore, can not be reconciled with the hypothesis that 
these lines are due to lattice oscillations. Such a hypothesis was originally put 
forward by Gross and Vuks ^ and later, Vuks ^ supported it by studying the 
Raman spectra of different modifications of ^>-dichlorobenzenc. Recently, Venka- 
teswaran ® has studied the Raman spectra of phosphorus and sulphur and has 
iilterx^retcd the results obtained by him with the help of the same hypothesis. 
Since Venkateswaran has remarked that the previous works of one of the present 
authors,^ in which it has been shown that the shifts of these lines observed 
in some cases with the lowering of temperature of the crystals do not agree with 



62 


S. C. Sircar and J. Gupta 


those calculated from the theory of lattice oscillations, have little significance, 
we shall discuss here in detail, how far these remarks are justifiable and how far 
the theory of lattice oscillation is able to interpret the observed facts. 

Venkateswaran has raised the objection that Liudemann’s formula cannot be 
used in the case of a lattice other than cubic. In stating so he seems to have 
confused with each other the different formulae for the frequency of lattice 
oscillations. It is the formula derived by Born ^ from dynamical considerations, 
which cannot be applied in the case of a crystal other than cubic, because a 
solution for the equations of motion can be obtained only in the case of regular 
diagonal lattice derived from a cubic lattice of NaCl type. The fomula 


V =C X o'77 X lo 


12 


V 


T._ 


(i) 


was, however, derived by Einstein ^ ^ from considerations of dimensions and 
Eindemann found the value 2’i 2 for the value of C in this formula.! There 
is no such strict restriction for the applicability of this formula in the case 
of diflerent crystal systems as Born’s formula, but it is true that Einstein’s 
formula is applicable only in the case of atomic lattices and cannot 
be applied direct in the case of molecular lattices in which different atoms in 
any molecule are again vibrating against each other. Braunbek,’® however, 
deduced the following formula for the smallest frequency of oscillation of any 
lattice from considerations of the kinetics of melting of a substance : 





(ii) 


where T,, M and v denote as in formula (i), the melting point, molecular weight 
and gram-molecular volume respectively. M] and are the weights of the 
two kinds of atoms in the molecule, which build up the two lattices vibrating 
against each other, n = number of atoms in the molecule, R is the gas constant, 
L is the Loschinidt’s number, and 


X = s - 



s being the primitive translation of the lattice in the direction in which the oscilla- 
tion takes place for the smallest frequency. 

Assuming v to be equal to Nd^, N being Avogadro’s number. 
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remains constant at all temperatures, for the 
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investigating 
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the values of v of a particular lattice at different temperatures, formula (//) redu- 
ces to 

V == fe 'x/ ... (i^) 

which is exactly of the same form as Einstein's formula. This formula can be 
applied to any crystal system but k has different values for different systems and 
for different substances. As one of the authors applied a formula of the same 
form as formula (iv) for calculating the changes in molecular volumes of any parti- 
cular substance from the observed changes in v caused by ebange of temperature 
of the crystal, the objection raised by Venkateswaran is not justifiable. The 
value of k can be evaluated for any particular substance and the absolute value 
of V can be found out. Braunbek^ has done this in the case of crystals of KCl, 
KBr, Ivl, NaCl, and AgBr, and the calculated values agree fairly well with the 
observed ‘^reststrahlen" frequencies, the maximum discrepancy being 7%. From 
this fact it is evident that formula {iv) can explain facts as satisfactorily as 
Eiiidemann’s formula, but in Eiudemann's formula, k is assumed to be constant 
for different substances while it is not so in the case of formula (iv). But, as has 
already been said, since in formula (iv) h remains constant for a particular 
substance for different temperatures and Lindemann^s formula can be applied 
only in the case of an atomic lattice the results obtained by one of the authors^ 
previously by applying formula have much more significance than those 
obtained by Venkateswaran by applying Lindemann's formula with 2’75 as the 
value of C in the case of the molecular lattice of phosphorus. 

There is, however, another criterion to judge whether the new lines which 
api)ear in the case of solids in the neighbourhood of Rayleigh lines are due to 
lattice oscillations or not. It is well known that the intensity of the Raman line 
due to any mode of vibration gives a direct measure of the change in polarisability 
of the vibrating unit, which takes place during the transition from the lower 
vibrational state to the higher one. If we consider the case of solid carbon disul- 
phide studied previously by one of the present authors, we see that the new line 
70 cm' ' observed at the low temperature is almost three times as intense as the 
line 655 cm'^ due to symmetric vibration of the CS^i molecule. It is well known 
that the change in polarisability in the case of the symmetric oscillation is the 
greatest of all such changes which can occur during any mode of vibration of the 
molecule. If it be assumed that the line 70 cm ^ is due to lattice oscillation, it 
leads to the conclusion that the polarisability of the CS2 molecule itself changes 
by greater amount wdth the approach of another CS2 molecule near it than in the 
case of the symmetric oscillation of the CS2 molecule itself. This is highly im- 
probable in the case of a non-polar molecule like CS2. As has already been 
stated, no new lines appear in the neighbourhood of the Rayleigh line in the case 
of solid phosphorus trichloride, and therefore even in the case of the polar mole- 
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cule of PCI 3, the polarisability does not change considerably with the approach 
of another PCI 3 molecule near it. On the other hand if it is assumed that a new 
electronic binding occurs in the solid state between two CS2 molecules resulting in 
the formation of a polymerised group, the strength of the binding will change very 
much with the change in the distance of the two constituent molecules in each such 
group during the vibration of one CS^ molecule against the other and thereby a 
change in polarisability will be produced which may be much greater than that 
occurring during the symmetric vibration of the CS2 molecule itself. Hence, as 
has been pointed out in previous communications, the observed high intensities of 
the new lines also leads to the conclusion that these lines are due to vibrations in 
i:)olymerised groups. The dependence of the positions of these lines on the nature 
of the lattice has been discussed by the present authors very recently. 

The authors are indebted to Prof. D. M. Bose for his kind interest in the 
work. ! 

PACIT lyABORATORY OP PHYSICS, 

92, UjmmiH Circular Road, Calcutta. 


R K K B R K N C E 

J Gross, E. and Vuks, M., Nature, 135 , 100, 431 and 998 (1935)- 

2 Sirkar, S.C., Ind. J. Phys., 10, 189 (1936). 

3 Sirkar S.C. and Gupta, Jagannath, Ind. J. Phys., 10 , 227 (1936). 

4 Trunipy, R , Z. /. Phys., 68 , 675 (1931)- 

5 Kohlrausch, K.W.F. and Stockmair, W., Z. /. Phys. Chcfft. B, 31 . 382 (1936). 

6 Cabaiincs, J. and Rousset, A., Ann. de Physique, 19 , 229 (1932). 

7 Vuks, M., Compt. Rend. {Doklady) de Acad. Sc. U.S.S.R, 1 , 73 (1936). 

8 Venkateswaran, C.S., Proc. Ind. Acad. Sc. A, 4 , 414 (1936). 

9 Sirkar, S.C., Ind. J. Phys., 10 , 109 (1936). 

10 Born, M., Atomthcoric dcs festen Zustandes, 1923 ' 

Einstein, A., Ann. de Phys., 36 , 679 (i 9 n)- 

w Eindcmami, F.A., Physikal Zeit., 11 , 609 (1910). 

19 Braunbek, W., Z. /. Phys., 38 , 549 (1926), 

14 Sirkar, S.C. and Gupta, J.. Ind. J. Phys., 10 , 473 (1936), 



9 


STUDIES ON SOME INDIAN VEGETABLE OILS, 

PART IV 

Absorption of Air. 

By G. N. BHATTACHARYYA, M-Sc. 

(Ghose Research Scholar in Applied Physics.) 

ABSTRACT. The absorption of air by six Indian vegetable oils, viz., Groundnut, Olive* 
Sesame, Chaulmoogra, Indian Rape and Indian Kapok, has been measured at the room tempera- 
ture by a manometric method. It is found that the values of the Bunsen absorption coeflkient 
for these oils arc of the same order of magnitude as those of the mineral oils. 


INTRODUCTION. 

Ill the previous communications ^ the author reported the results obtained 
on the viscous and dielectric properties of a numl)cr of Indian vegetable oils. 
The object of the present paper is to measure the absorption of air by these oils at 
the room temperature. 

Until recently the determination of the absorption coefficient for air and 
other gases had been mainly confined to inorganic and organic liquids whose 
compositions arc definitely determinable. In view of the complex nature of the 
oils in general, very little progress was made in obtaining corresponding data in 
these cases, although such a study is necessary for ascertaining their suitability as 
insulators in electrotechnics. 

During the last few' years, however, considerable amount of work has been 
done in determining the absorption of air by mineral oils. These results have 
explained the anomalous behaviour of insulating oils in many cases. The 
anomaly ^yhicll was observed in the dielectric strength of these oils at different 
temperatures has been attributed by Clark ® to the absorption of air in diheront 
amounts. Very recently Geraant ^ has also measured the absorption coefficient 
and its temperature sensitivity for a number of mineral oils. No .such data are 
yet available in the case of thE vegetable oils. ' It was therefore thought of interest 
to undertake this investigation. 

thboreticak considerations. 

The Bunsen absorption coefficient is the volume of the gas (reduced to 
normal pressure and o^C.) absorbed by i C,c. of tire liquid at a partial pressure 

9 
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of 760 mm. of mercury. In the case of liquids obeying Henry's law this is deter- 
mined at room temperature from the relation 


To V 
T '• V 


where a = the absorption co-efBcient, 

T = the absolute temperature of the gas, 

To = the absolute temperature corresponding 
to o®C. = 273°.!. 

V = volume of the gas absorbed, 
and V = volume of the liquid. / 

I 

It is evident from the above that when the absorption coefficient is dieasured 
at the room temperature, it is quite unaffected by the vapour pressure! of the 
liquid as shown below. ! 

\ 

The volume of the absorbed gas at a partial pressure of (P - p) when reduced 
to normal pressure and temperature is 



normal atmospheric pressure = 760 inm. 
of mercury, 

ordinary atmospheric pressure, 

vapour pressure of the liquid at the absolute 
temperature T. 

But according to the definition of the Bunsen absorption coefficient, the 
volume should be found at the partial pressure of 760 mm. of mercury- Hence 
applying Henry’s law, we have 



where Pq = 

P = 
P = 


= -Ill 1 

T ' v’ 


which is identical with the relation given before 
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EXPERIMENTAL. 


A manometric method has been used for the determination of the absorption 
coefficient of the oils at the room temperature. A diagrammatic sketch of the 
arrangement is shown in figure i. The manometer has been designed in the 


To pump 



Air from ralri'uiu 
chloride towers 


laboratory. It is constructed of a glass tube of about 4 mm. diameter with the 
two limbs, A and B, placed very close to each other so as to facilitate a compa- 
rison of the readings of their mercury menisci. A millimetre scale is fixed verti- 
cally behind these limbs. The long capillary tube, C, with a stop-cock, Ti, and 
a mercury reservoir, R, is joined to the base of the manometer in order to transfer 
mercury from the reservoir to the limbs. By means of the outlet tube D, having 
a stop-cock Tg, mercury can, however, be removed from the manometer. The 
flow of mercury from one limb to the other can be stopped by means of the stop- 
cock T3. The gross height of the manometer is about 85 cms., while the work- 
ing length of each of the limbs is nearly 60 cms. 
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The limbs of the manometer have been calibrated as follows: They were 
first filled with pure mercury avoiding the presence of air bubbles inside them » 
and the readings of the mercury menisci noted by means of a low range telescope. 
A quantity of it was then taken out through the outlet tube D, and weighed. 
From the dificrence of the initial and the final readings of the mercury menisci 
and from the density of the mercury at the room temperature the volume per 
unit length of the manometric tube was determined. 

The method of procedure consisted in degassing first a definite volume of 
the oil under investigation and in then ascertaining the volume of air absorbed 
by It at the temiJerature of the room. For degassing, the method employed by 
Gemant was adopted. The oil was enclosed in a 150 c.c. flask provided with 
a side tube and a stop-cock, Tc, and having its neck drawn out and fitted with 
another stop-cock, Tq, for connecting it with the manometer. The flask was 
connected with a shaking device (not shown in the figure) worked by| means of 
an electric motor, so that the oil inside it could be given a continuous \ shaking . 
Under this condition degassing of the oil was secured by subjecting it to evaqua- 
tion by means of a Gaede oil pump, connected to the side tube of the flask. 
At first profuse bubbles of air came out. Their rate of evolution however 
diminished veiy rapidly. It was found by a series of trial observations that the 
oils under investigation were completely degassed after they were subjected to 
simultaneous shaking and evacuation for about an hour and a half. In practice 
the aboye procedure was continued for a still longer period (3 to 4 hrs.) with a 
view to eliminate the risk of having an incomplete dega.ssing. It was, however, 
generally found that the thinner oils are degassed more quickly than the thicker 
ones. 

When the process of degassing was completed, the flask was brought to 
rest and the stop-cocks T5 and T^ were closed. The stop-cock, T^, was then 
opened to introduce dry air (obtained by passing atmospheric air through calcium 
chloride towers) into the tubes connecting the flask with the manometer. Some 
time was allowed for eliminating the error which might arise due to the absorption 
of air by the rubber tubings. By opening the stop-cock, Trj, dry air was next 
admitted slowly at the atmospheric pressure into the flask. The stop-cock, T4, 
was then quickly closed, and the connection with the manometer established 
by opening the stop-cock, T3. It was however noticed that the absorption 
process was extremely slow and required a long time when the oil was kept at 
rest. But if it was subjected to shaking, the absorption process was completed 
within about half-an-hour. Due to the absorption of the enclosed air by the 
oil, the pressure inside the flask fell as was shown by the rise of the mercury 
meniscus in the enclosed limbi A, of the manometer. Mercury was then trans- 
ferred from the reservoir, R, to the manometer until the mercury menisci were 
again at the same level. The difference in the readings of their original and 
final levels gave directly the volume of air absorbed by the oil. 
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Adopting the above procedure six Indian vegetable oils were examined. 
None of them belonged to the category of a drying oil. .Some of their charac- 
teristic physical data so far obtained by the author are given in table II. For 
each oil about 50 c.c. was taken. The exact volume was, however, ascertained 
from a knowledge of its mass and density. These results arc given in table III 
w'hich also includes the values of tlie absorption coefficients of air by the oils 
investigated. 

It may here be noted that before making any observations on the oils under 
investigation, the accuracy obtainable with the apparatus and the method used 
was ascertained by measuring the absorption of air by a few liquids for which 
.such data are available. Results of such measurements in the case of water 
and transformer oil at the room temperature arc included in table I. It will be 
seen that they are in good agreement with the existing data. 

R E S U Iv T S. 

Vol. per cm. of the tube = o'i6484 c.c. 

Tabx.e I. 

Test Measurements. 


Iviquid. 

Room 
temp, 
in X. 

Vol of 
liquid 
taken 
(c.c.). 

Rise of 
mercury 
(cms.). 

Absorbed 
Vol. of air 
(c.c.). 

Absorption 

coefficient 

(calculated). 

^ Absorption 
coefficient 
(l<iterature). 

Water 

23 ’i 

75“0 

9*1 ! 

1*500 

! 

0* 

M 

GO 

CAi 

i 

'oi 769 *» 

1) 

22 ‘3 

95*0 

117 

I '929 

■01871 

‘oiSoi® 

Transformer 
Oil (Vac. Oil 
Co.) 

H. S. grade 
—A 30 

22'I 

1 

50'2 

31*3 

5*159 

•09512 

'09200* 


Table II. 

Characteristic Physical Data. 


Oil. 

Density. 

Refractive 

index. 

Viscosity in secs. (Red- 
wood) at 23 “.9C. 

Groundnut 

0-9111 

1-4621 

274-3 

Olive 

(21- -SC) 

(33 -C) 

0-9107 

(ao'-7C) 

1-4672 
(27- -SC) 

294*5 

Sesame 

0-9177 

(2o“-5C) 

i' 47 i 3 

(27“-8C) 

256-3 

Chaulmoogra 

0 

»?iO 

0 

1-4770 

( 33 °C) 

766-0 

Indian Rape 

0-9078 

(ii'-sC) 

1-4713 
<24 '-20 

351*3 

Indian Kapok 

0-9232 

1-4857 

549-0 


(32 °C) 

( 33 -C) 
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Tabi,e III. 


Absorption Data. 


Oil. 

Room 

Temp. 

inX. 

Mass of 
oil taken 
(gms,). 

Vol of 
oil 

(c.c.). 

Rise of 
mercury 
(cnis.) . 

Vol, of air 
absorbed 
(c.c.). 

Absorption 

coefficient. 

Groundnut 

21*3 

45*220 

49-6 

.51 -8 

5*242 

0*09806 

Olive 

207 

44-720 

49-1 

30-5 ' 

5-028 

0*09519 

1 

Sesame 

20'5 

44-650 

48-7 

25*4 

4-187 

0-07998 

Chaulnioogra 

22'I 

46710 

49-0 

27*5 

4-533 

0-08553 

Indian Rape 

21-3 

44*470 

49-0 

30-0 

4-945 j 

0-09381 

Indian KaxK)k 

22*0 

45*55 

49-4 

35*8 

5-902 ^ 

0-11060 


DISCUSSION. 

It has been stated in a previous section that the absorption of air by an oil 
takes place very slowly when the latter is kept at rest. This can be seen from 
the absorption-time curves, given in figures 2 and 3, for the Indian Kapok oil 
either when it is at rest or subjected to shaking. The reason for sel(Xting this 



* Time in minutes. 

Figure 2. 

Absorption-time curve of Indian Kapok oil, oil being shaken continuously. 
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Figure 3. 

Absorption-time curve of Indian Kapok oil, oil being at rest. 


particular oil for illustrating the above effect is that the rate of absorption of air 
in this case is highest amongst the oils studied in the present investigation. The 
nature of these curves for the other oils is, however, similar, and may therefore be 
taken as typical for non-drying oils. 

It may further be noted that the absorption-time curves for these oils when 
subjected to shaking resemble very much in nature to those of the mineral oils 
under identical conditions. On the other hand the nature of these curves when 
the oils are at rest does not show such an exact similarity. From the observations 
of Gemant^ and Clark it is found that in the case of the mineral oils at rest 
absorption takes place at an uniform rate for the first few hours, after which the 
rate diminishes. For the vegetable oils, however, the rate of absorption is very 
high for the first few minutes and then slows down. 

One also notices that the values of the Bunsen absorption coefficient for the 
vegetable oils are of the same order of magnitude as those of the mineral oils. 

It is proposed to take up in immediate future the measurement of the 
absorption of air by these oils at different ranges of temperatures and determine 
therefrom the temperature sensitivity of their absorption coefficients. The 
measurement of absorption of air by drying vegetable oils is in progress and will 
be reported in a separate communication. 

The author acknowledges his best thanks to Prof. P. N. Ghosh who has 
given all facilities for carrying out the investigation and shown continued interest 
during the progress of the work. 
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REVIEWS 

THE ANNUAL TABLE OF CONSTANT AND NUMERICAL DATA 
(Published by Institute de Chimie, Paris.) 

These annual tables are well known and the three present volumes, namely, 
the Numerical data on Rotatory Power by Prof. E. Darmois and those on Radio- 
activity, Nuclear Physics, Transmutation, Neutrons and Positrons by Joliot- 
Curie, B. Grinberg Wallen of the Institute De Radium and on Raman Effect by 
Dr. M. Magat of the College de France form a definite contribution for reference 
purposes. 

The first one on rotatory power deals with data published during 1931-34 
and is divided into five sections, namely, the specific rotatory powers of various 
groups of substances in the homogeneous states and in solution. In this section 
one finds hydrocarbons, fatty acids, sugar and its derivatives, amino-acids, 
polypeptides, diphenyl derivatives, terpenes, alkaloids and miscellaneous bases. 

The second section is on the effect of temperature, concentration and solvent 
on rotatory power. Here one finds data regarding cellulose and starch as well 
as on vitamine D. 

The third section deals with rotatory dispersions. Here one finds the new 
data of ascorbic acids, besides the data on various well known substances. The 
fourth section is on the revolution of racinic compounds and the fifth on muta- 
rotation. 

The sixth section is about the effect of addition of esters, tartarates, sugars 
and other miscellaneous compounds. 

The seventh section is about general theories such as Walden inversion, 
optical superposition, and asymmetric synthesis. 

The second one on radio-activity and allied subjects coniprises data from 
1931 to April, 1936. Here one finds the section on radio active bodies, their half 
lives, a- rays, ^-rays, y-rays, radio-activity of potassium and of the rare earths, 
the heat evolved during radio active transformation, chemical effects of radiations 
and the radio-activities of minerals and spring waters. 

The third one on the Raman Effect is in continuation of a similar one pub- 
lished earlier in which data up to 1931 were included, and the present one deals 
with results published up to 1934. Though it is not up-to-date, it is very useful 
0 research workers because it includes not only the Raman frequencies of the 
substances studied during the period from 1931 to 1934 but also gives the values 
of the factors of depolarisation of the lines wherever these values are available. 
The table is divided into three sections — Inorganic, Organic and the last section, 
which is theoretical, deals with different modes of vibration of polyatomic mole- 
cules and includes diagrams of such modes of vibration. 

w 



THE STRUCTURE OF METALS AND ALLOYS 


By 

WiuiAM Hume-Rothery, M.A., D.Sc. 

{The Institute of Metals, 3s. 6d.) 

Dr. Hume-Rothery is very well laiown to the investigators of metallic alloys as 
expounder of varying electronic valency of metallic elements in the formation of 
alloy system. As stated in the preface the monograi'h is written at the request of 
the Council of the Institute of Metals. Within the last two decades laijgc amount 
of informations has been collected and it has been indeed difhcult for attiy worker 
to secure the informations in a single treatise. \ 

The book is divided into five parts. Part I deals with the electronic back- 
ground to metallurgy, starting from the structure of the atom developing that of 
the molecule and finally dealing with the structure of the crystals. Parts II 
and III deal with the crystal structure of the elements and their atomic radii. 
Part IV gives a comprehensive survey of the primary metallic solid solutions, the 
pioneer work in this subject due to Bain, Onowen and Preston. 'Ihe X-ray 
diffraction photographs has revealed the nature of crystal lattice and supci -lattice 
and Dr. Hume-Rothery has himself contributed substantial work in this domain. 
The form of liquidus curves of several .systems representing different types and the 
form of solidus curves as well as the lattice constants of some important alloys 
have been treated in this section. Part V deals with the intermediate phases in 
alloy .systems, ff'he question of the sharing of electrons in co-valcnt linkages of 
atoms and in ionic structures the passage of valency electrons from one atom to 
another with the production of oppositely charged ions has been the .starting point. 
Number of typical structures have now been treated and finally the cases where 
structures are determined by the size factor. Part VI is a collection of y ork on 
imperfections in crystals-a subject which is comparatively undeveloped but un- 
doubtedly of the greatest importance to metallurgy. Here, as the author has 
clearly stated, a knowledge of the ideal crystal structure as revealed by the 
ordinary X-ray crystal structure analysis is not sufficient and urges new methods 
of investigations. 

Each section has a very complete bibliography upto 1935, 



AN INTRODUCTION TO THE THEORY OF ELASTICITY 

By 

R. V. South WK ix. 

{Oxford Clarendon Press, 30 shillings). 

This volume forms one of the Oxford Engfinccring Science series. Prof. 
Southwell has clearly laid down how in recent years a knowledge of the elastic 
properties of materials has been of growing importance to the Engineers. From 
the purely theoretical standpoint the classical treati.se of tlie Mathematical theory 
of Elasticity by Prof. Love and treatment of problems concerning bilastic Vibra- 
tions by Lord Rayleigh in his Theory of Sound form the essential foundation on 
which the superstructure has constantly been added. For the Engineering 
students the above-mentioned treati.scs cannot be stated to be easy reading. 

In the first three sections the basic relations of elastic bodies have been 
very clearly dealt with. The theorem of minimum strain energy and the prin- 
ciple of Saint-Venant have been discussed. In Section IV and V one lindsdis- 
cussion of the elementary theory of stress and strain, that of elastic failures and 
some typical cases of stress distribution has been worked out. Here one finds 
examples on beams of re-inforced concrete pre.seiited to a student. Sections VI 
and VII deal with deflection of girders. The normal vibrations of rods of 
uniform cross sections and beams resting on clastic foundation have been worked 
out. The theories of flexure and torsion as exemplified in bent plates helical 
springs and crank shafts arc dealt with in this section. Sections VIII, IX and 
X really form the fundamental mathematical background. In Chapter XI one 
finds the solutions of the general equations as delineated in the last section. The 
gravitational stres.ses and the modification of stress due to thermal influences have 
suitably been introduced. The difficult problem of two dimensional stress 
systems has been taken up in the twelfth section. Sections XIII ajul XIV treat 
stability problems as arising out of the elastic properties of materials. The 
problem of critical load and its calculations follows the line adopted by Lord 
Rayleigh and finally the theory of vibrations as developed by Lord Rayleigh has 
been very clearly expressed. The book contains complete bibliographical and 
supplementary notes regarding the important treatises as well as original papers. 

The book is really from the engineer’s point of view, an excellent treatise 
where he will find his familiar applications treated from a rigid theoretical out- 
look. 
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SEMI-OPTICAL LINES IN THE X-RAY SPECTRA'' 

By a. T. MAITRA, M.Sc. (Pat.) 

(Government of Behar, Research Scholar.) 

{Received for publication, January 31, 1937.) 

abstract. In this paper on attempt has been made to sort out some lines in the K, h, 
andM scries of X-ray spectra which are somewhat different in character as regards their origin 
and have a peculiarity of their own. Such lines belonging to the K scries ore and 

K ; to the L series are &, and to the M series are 

M , and ^ - 0 ^^ ), only for some particular elements in each of the series as mentioned 

in the paper. rlK values of the final states of these lines have been shown to accord reasonably 
with those of the lines themselves. An attempt has, therefore, been made to bring out the 
analogy between the transitions of these lines with those of optical lines from the fact that a 
knocked out electron from an inner level of an atom goes to a vacant, partially vacant or 
optical level and then a transition from one of these levels gives rise to them. Hence the 
name ' semi-optical.’ Also, available experimental facts have been put forward in support of 
the view adopted. 


INTRODUCTION 

The first idea of semi-optical lines in the X-ray region was developed by 
Backlin, Siegbahn and Thoraeus.* They plotted the wave-length difference 
between K„j(K^=^Lu.) and Kgj(K^=^M.n) against atomic number from 

Na (ii) to Sc (21) and their curve began bending from S (16) and sloped down 
from A 1 (13) to Na (ii). is the transition from M.„ level to K level. It has 

a faint component K^,(K^==iMn) which is resolved for heavier elements 
beginning from Rb (37). 

According to Stoner and Smith’s model of electron stmetnre of atoms, Ma 
level is completely fiUed np at Si (14) and Mm level at Ar (18). The Mm level 
begins to develop first from P (rs). So the qnestion of obtaining the Kj, lines for 

Na (rt), Mg (ta), A 1 (13) and Si (14) becomes certainly enrions. Similarly a plot 
of the wave-length difierence between K*. and K». (K— M., M. ) (a forbidden 

. Commimiaded to the Indiall Physical Society by Prof. K-Prosai 
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transition and called in the paper of the authors mentioned) against atomic 

number from K (ig) to Cu (29) also showed an abrupt discontinuity of the curve 
at Sc (21) and it sloped down to K (19). There is no electron at all in MivMv 
level for K (19) and Ca (20). Thus the lines for Na (ii) to Si (14) and 

lines from K (19) to Sc (21) were called semi-optical lines by the authors ^ men- 
tioned above. Their idea was, that these lines were due to transitions of electrons 
from virtual optical levels- But an optical or virtual level must have an electron 
before it can serve as an initial state for the emission of a quantum. No further 
explanation for calling these Kfl^ and K^j, lines as semi-optical for the particular 

elements mentioned above was given. 

A number of such semi-optical lines in the K, L. and M series of X-ray 
spectra have been selected and some possible ex])lanations of their origiiji and the 
reason for calling them so have been attempted with the available experimental 
data. \ 


\ 

SOME GENERAL C O N vS I D E R A T 1 () N S AND DISCUSSION 

An optical line of an atom originates, as we all know, when the Valence 
electron of the atom is raised up to a higher virtual level or higher quantum state 
by the absorption of energy and then falls back to its initial level or some other 
level of lower quantum state, the transition being generally governed by the rules 
of selection. On the contrary, a true X-ray line arises when an electron from a 
particular inner level (say K) is knocked out of the atom by the absorption of 
energy, it being unable to go to other inner levels of the atom if these are com- 
pletely filled up with their proper share of electrons, and another electron from 
some other filled up level jumps to the K level giving rise to a K emission line. 
The transition also in this case is governed by the rules of selection. Thus in 
the case of X-ray spectra the atom is first of all ionised in the inner level- 

Now, let us call the last completely filled up level of an atom the periphery 
or the boundary of the atom. After the periphery lie the optical levels of the 
atom. Kossel’s theory explained that the principal limit (say — , K or L) corres- 
ponds to the energy of transfer of an electron from the K or L level to the out- 
side of the atom or to the first unoccupied orbit and the extended structure of the 
principal limit due to the transfer of the electron to the optical levels. But 
recently the theoiy of the extended structure of the principal limit has been 
modified by Kronig,® 

That the main absorption limit or edge of an inner level of an atom 
might be due to the ejected electron from the inner level coming to rest in 
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the first^ unoccupied or partly occupied level, may be postulated if the energy 

value of the corr responding emission line (the transition from the first 

unoccupied or partly occupied level to the particular inner level) agrees with the 
main absorption limit of that particular inner level. In explaining the origin of 
the Lii and Lm principal limits for the elements I<u (71) to Au (70) Sandstrom ^ 
showed that the v/R values of the Ln limits and limits of those elements were 
equal to those of the [Ln ^=^0,v ] and [ Lm c==^<>>v Ov 0 emission 

lines of the elements [Lu (71) to Au (79) '] within the limits of experimental 
error. We must, therefore, infer that the emission of L^Sj; or is exactly ana- 
logous to that of a resonance line in the optical region, is due to the transi- 
tion from (Xv Ov to I„„ level and L.yg is due to that from Oiv to Lu . But the 

( ^iv , Ov levels are in a state of develoi^ment from Yb (70) and are completely 
filled up with electrons at Au (79). So the knocked out electron from lyu or Lm 
level of each of these elements, instead of going beyond the ])eriphery of the 
atom, goes to the O.v or Ov levels. Then, these X-ray lines (having transition 
from ( ^iv or Ov to or Xym ) for the elements hu (71) to Au (79) may, therefore, 
l)e called semi-optical lines. Similar is the case with ( Lm v ' ■ -■■-Nv ) and 

(Lit ^ ="'^ Niv ) for the elements from Zr (i(|o) to Ag (/|7), where the Niv Nv 

levels are in a state of development and with hy^ (Li v ^ from 

In (/:|9) to Xe (54) where the On Om is also in a state of development. Detailed 
results for these are given below. 



L Series : 

Figure i is a plot of the wave-length diffexdice between Lfl^ (Lni^ — — Mv ) 

and L)3jj (Liii ^— ^ Nv ) against atomic number from (40) to (57). 

The nature of this curve is similar to that of the wave-length difference 
between (K ^- " — Lm) & (K v =^MnT) against atomic number from (xi) 

to (20) as shown by Backlin, Siegbahn and Thoraeiis ^ mentio ned in the earlier 
part of the paper. Figure 2 shows the same thing for hy^ (Lu ^ " Niv) when 

the wave-length difference between L/a^ (Ln v plotted against 

the corresponding atomic numbers. 
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In explaining the origin of the Ln and Lm absorption limits of the elements 
[i (70) to (79) ] Sandstrom * has shown that the v/R values of the Li, and Lw 
limits of these elements agree satisfactorily with those of and as has 

already been mentioned. Kawata * has also experimentally shown that the 
L/Sj lines of W (74) and Pt (78) are strongly absorbed on passing through an 



Figure i. 





40 45 50 55 <So 

Atomic number (Z) — ^ 

Figure 4 . 

In tables I and II, are given these values for L/Sg from elements Lu (71), of 

L/b, from Zr (40), of from Zr (40), of L,,, from In (49). In each of these 

cases the v/R values of the principal limits agree with those of the corresponding 
lines within the limits of experimental error, for the elements whose particular 
levels, serving as initial states of the lines, are in a state of development. This 
means, say, as jn the case of L/Bj , the knodced out electron from the Li,, level of 
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any elenjent beginning from I,u (71) to Au (79) goes to the OrvOv level which 
fe in a state of development for these elements. 


Table I. 


Atomic 

Number of 

R ^6 


Difference 

- 

number 

electrons 

in Oiv , 

Ov level. 


^ for Liii 

between Iwm 

Remarks. 

(Z). 

(Ivni ^Oiv Ov ) 

R 

and . 

1 

71 

1 


681-24 


1, 

All experimental 
values, exqept 

73 

2 


704*77 


wherf mentioned, 
are [taken from 

73 

3 

727-^5 

728-0 

-t 0 85 

Siegbphn’s Spec- 
troskipic Der 

74 

5 or 6 

751-32 

751*30 

— 0.02 

Rbntgfenstrahlcn, 
2nd Kd., 1931. 

75 

775*75 

775*21 

^ 0-5^ 


76 

6 or 7 

799-6 

800*04 

-h 0-44 

\ 

77 

7 or 8 

82575 

825-60 

- 0*15 


78 

9 or 10 

851-48 

850-89 

- 0-59 


79 

10 

877-65 

877-70 

-*■ 0-05 

- 0-68 5 

Difference goe^ on 

80 

10 

905*21 

904*53 

increasing with 
atomic number as 

) 

8i 

10 

931-30 

931-98 

- - 1 

+ 0*68 • C 

shown in vSand- 
str5ni 's curves 






for lyo and Iv 
^5 7ti 

Atomic 

Number of 

— for L a 


Difference 


number. 

electrons 

VT 

R ^2 

' for L/iii 

between lym 


m Niv 

Nv level. 

( Ivni^ — Nv ) 

R 

andLp^. 

' 

40 

2 

163-48 

163-87 

+ 0*39 


41 

4 

174-37 

174*84 

+ 0*47 


42 

5 

185-59 

185-81 

4 0*22 


43 

6 





44 

7 

208-98 

209*12 

+ 0*20 


45 

, 8 

221-07 

221*27 

+ 0-20 


46 

10 

233-62 

233*63 

+ O-OI 


47 

10 

246-69 

246*76 

+ C*07 f 

Difference goes 


\ 

J 

on increasing 

48 

10 

259.89 

260-71 

+ 0-82 j 

with (Z) as shown 
in Fig. 3 - 

.. 49 

10 

273-56 

274*85 . 

+ 0*129 
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Tablb ll. 


Atomic 

number 

(Z). 

Number of 
electrons in 
Niv, Nv 
level. 

i '« 

f 

^ for Ivii . 

1 

Diff. fietweeii Ln 
and Iv 

*71 

Remarks. 

40 

2 

169-58 

169-83 

+ 0-25 


41 

4 

181-35 

i8i-6» 

+0-25 

•These values are 
taken from Som- 

42 

5 

193 - 43 * 

193-39 

— 0-04 

merfeld’ s Atomic 
structure and 

44 

7 

1 218-38 

218-8 

+ 0-42 

spectral lines (Vol 
1), Revised, 3rd 

45 

8 

231*53 

231-79 

+ 0*26 

Kd. (1934) 

45 

TO 

245*19 

245*28 

+ 0-09 


47 

10 

259*15 

259'9i 

+ 0-76 

— ^Diff. goes on 
increasing with 

48 

10 

273*81 

274*33 


atomic number as 
shown in Fig 4. 

49 

10 

288-81 

290-26 

■<-i- 4 S ^ 


Atomic 

number 

(Z). 

NO. of 
electrons 
in Oil , Oiii 
level. 

-^forL^^CL. 

— — ^Oii, Oiii 

- *1 for Li. 
R 

Oiff. between 

Li and L . 

T 4 


49 

1 

312-17 

312-14 

-0-03 


5 <^> 

2 

328-82 

32903 

+ 0-21 


51 

3 

346-02 

346-27 

+ 0-25 


52 

4 

363-68 

363-94 

+ 0-26 


53 


381-89 

ri 

oc 

+ 0*37 


54 

6 


401-02 

... 


55 

6 

/120-11 

421*79 

+ 1-68 ( 

Diff. goes on in- 





) 

creasing with (Z) . 

56 

6 

439-91 

441-9 

+ 2-0 c 


57 

6 

460-54 

462-85 

+ 213 



The agreement between the v/R values of , the emitted and the absorbed 
quanta given in the above tables (I and II) seems to be fairly satisfactory if it is 
taken into consideration that the accuracy of the measurement of the absorption 
limits is not as good as that of the lines and that different values of the same 
limit are given by different experimenters. 
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Figure 5. 



Figure 6. 


Next, let us consider the Lo lines from Ca(2o) to elements of higher atomic 
number. Figure s shows a relation between the wave-length difference between 
Ll andlyo lines and atomic number. This curve is of surprising appearance 
and exhibits a marked discontinuity at €1(24). The relation between the difference 
between v/R values of Lin and L« as a function of atomic number is shown in 
figure 6. In table III are given these values. 
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TabIvE m. 



Number of 





Atomic 

electrons in 

~ ofL 


Diff. between 


number 

Miv, Mv 

R a 

-J, of Lm. 

I^iTi and . 

Remarks. 

(Z). 

level. 

[1.^111 — ^Miv Mv 

Iv 



20 

... 

25*2 

3 S-S 9 * 

H 0*39 

♦ Prins and 






'I'ii ken’s ® experi- 

21 

T 

29'I 

29-9 

+ 0-8 

mental values of 






bn , biji for Ca(2o) 

22 

2 

33 -a 6 

33-41* 

+ U15 

and Ti (22) and of 






JvTTi for Cu (29). 

23 

3 

?, 7'7 

37*9 

+ 0-2 


2.1 

5 

42*3 

42'3 

0 


25 

5 

47*0 

47*3 

+ ()'3 


26 

6 

5 i*« 

S2'2 

4 - 0 4 


27 

7 

57'2 

57*7 

+ 0-5 


28 

S 

62-7 

63-2 

■f 0*5 


29 

IQ 

68-15 

69-3* 

+ 0-8 ( 

Diff. goes on in- 





1 

creasing with (Z) 

30 

TO 

74*51 

75*4 

4 0.9 ( 

aw shown in Finr. 






6. 

31 

10 

8o*86 

82 'i 8 

+ I '32 


32 

10 

S 7.‘50 

89*3 

+ ivS 



Ill this case the experimental values*'^ of Lm are only for Ca(2o), Ti(5i2), 
and Cu(29). For other elements, besides these three, computed values of Lin are 
used from Siegbalin's vSpectroskopie Der Rdngenstrahleii (2nd. Ed., 1931). In the 
case of Ga(3i), Liii has been computed from (K — where the experimental 
value of K given by Kievit and Lindsay ^ has been adopted. Their value of the K 
limit of Ga seems to be more correct than that of others as has been emphasised and 
experimentally verified very recently by Mutch. From Rb(37) onwards the 
experimcntal values of Lm have been utilised. In the case of Ca and Ti the 
experimental values arc of Ln, Lm; this means that actual values of Lm will be 
still less and, therefore, the agreement between the absorbed and emitted quantum 
may be expected to be still better. 

On the whole, the agreement is not far from satisfactory if the widths of the 
emission lines in this region, are also taken into consideration. It would be quite 
interesting to photograph suitable absorption limits and the La lines in this 
region on the same photographic plate. It may be al.so possible that the Lm 
electrons, for the non-metals, instead of going to the first unoccupied or incom- 
pletely filled up orbit I goes to optical levels as has been also sugge.sted by Mukerjee 
and Ray.® If this is so then the La lines for them are due to transitions from 
the optical levels to the Lm level. Therefore, the main point seems that these 
so-called semi-optical lines arc due to transitions of electrons from that particular 



86 


i4. T. Maitra 


level (may it be the first unoccupied or partly occupied orbit or an optical level, or 
conduction level) where the knocked out electron from the inner level, lodges itself. 

Although the above view may hold good, as the agreement between the 
emitted and the absorbed quantum is quite good in some cases, there remains also 
a slight difference in some of them ; and this departure has, perhaps, got a 
significance like this. Wc should take into consideration that the experimental 
values of wave-lengths are obtained not from free atoms but from metallic crystals 
which according to Kroning ^ consist of permitted and forbidden energy zones of 
definite width. Also according to conduction theory of metals the incomplete 
number of electrons in a level (valence level) of an atom, form the lower of the 
eiiergy^zones common to all the atoms of the crystal lattice. Thus, due to this 
definite width of these zones, (and not sharp quantum levels of atoms) the 
probability of the absorbed energy of the ejected electron from the ii^ner level 
lodging itself in a permitted zone being equal to that of the emitted energy due to 
the electron jump from the same permitted zone, may not be expected to hold 
good. 

K Series : \ 

Kievit and hindsay ® have shown experimentally that the Kj32 (K^====^Nii 
Niii) line of Cii(29) coincides exactly with the principal K limit of Cu and have 
ascribed most of the K limits of elements from Cr(2^) to Zn(3o) to the transfer of 
electrons from the K levels to Nii levels of the elements, the Ntt level being 
vacant for these elements. This is, therefore, a very strong support of the view 
that an emission line having a transition from a vacant level of an atom due to 
the electron jump from the level which has already captured the electron ejected 
from an inner level by the absorption of energy. 

The relation between the difference of v/R values of K limits and lines 
and the corresponding atomic numbers is shown in figure 7. Figure 8 shows the 
same thing for Ki32 for the corresponding elements. 

In Table IV are given these values. 
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Figure 7. 



Semi-Optical Lines in the X-ray Spectra 


87 




Atomic number (Z) — ^ 


Figure: S. 


Tari.k IV. 


Atomic 

number 

(Z) 

Number of 
electrons in . 
Mu Mttt level 

•"Z 

K 8 i[K< 

12 

... 


13 

I 

I 

14 

2 

I 

15 

3 

I 

16 

4 

iJ 

17 

5 

2 ( 

18 

6 


^9 

6 

2( 

20 

6 

2( 

2T 

6 

3 

22 

6 

3 < 

Atomic 

Number of 

i 

lumber (Z) 

electrons in 
NiiNiii level 

f 


r/R for 


►MiiiJ 


95-57 


207-36 


v/K for 


28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 


3 

4 

5 

6 
6 
6 


633*40 

661-30 

7TT-34 

763'34 

• 8i7'S8 

873'86 
93i'^*5 
992'39 

1118-45 

1184-69 


v/K for K 

Difl. betweeu 
K and 

95 - 8 ^ 

+ 0*23 

114*84 

+ o-o 8 

135-38 

+ 0-17 

157*80 

+ 0-39 

181*90 

+ 0*41 

207*8 

+ 0 * 4/1 

265*60 

+ 1-22 ( 

297-38 

+1-S4 j 

33117 

-1 2-95 1 

365-80 

+ 2 -60 V 


Diff. between 

ulK for K 

K and 


613*85* 

-^•45 

661*59 

+ 0*29 

711-67 

■^o ■33 

763*68*^ 

-»o -34 

Si 7-57 

— 0*01 

874*01 

■^o-l5 

932*0 

■^o•lS 

992-57 

-4-0-18 

1119*4 

+ 0 - 9 S 

1186-0 

-H-31 


Remarks. 


^Takcii from 
vSomincrfeld's 
Atomic vStruc- 
tiirc and spec- 
tral lines 

[Third Edi- 
tion, Revised, 

1934 1. 

Diff. goes 
on increasing 
with (Z) as 
shown in 

■'ig- ;■ 


Remarks. 


*Kievit and 
Lindsay's ® 
value. 


Diff. goes on 
increasing as 
shown in 
Fig. 8, 
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The Ka lines Li(3)» Be(4), etc., are also serai-opticals in the sense that the 
LiiLni level is in a state of development from 6(5) and there is no electron at all 
in LirLni level for Li and Be. The Ka lines for these elements are bands and 
have a width extending to several A.U. and consisting of, besides the main peak, 
many other maxima. The electron transition of these lines takes place from 
conduction levels, as suggested by O'Bryan and Skinner; ^ ^ and therefore, the 
difference between the absorbed and the emitted quanta for the K level and the 
Ka lines for these elements becomes more significant which is evident from the 
complications arising from the width of the conduction levels. 


M Series : 


The agreement between the v/R values of Min limit and the line 
(Miii^-^Oiv) from the elements Lu (71) to Au(79) has also been \ shown by 
Sandstrom. The corresponding v/R values of Mv limit and Mai(Mv \^-^Nvii ) 
lines from Ce(58) onwards arc given below in Table V. \ 


Table V. 


Atomic 
number (Z) 

Number of 
electrons in 
Nvi Nvii 

WRof 

Moi[Mv < ->Nvii ] 

vIK of Mv 

Diff, between 
Mv and 

Remarks. 

58 

I 

64-95 

65-4 

+ 0-45 


59 

2 


68-8 



60 

3 

72-04 

72 '5 

+ 0*46 


61 

4 




62 

5 

79-89 

79-8 

— 0*09 


63 

6 

83-36 

83-8 

+ 0-44 


64 

7 

87-67 

87-7 

+ 0*03 


65 

8 

91-89 

91-7 

— 0*19 


66 

9 

95-68 

95-8 

+ 0-12 


67 

10 

99-67 

99-7 

+ 0-03 


68 

11 

103-75 

104*1 

+ 0*35 


69 

12 





70 

13 

112-20 

112-9 

+ 0*7 

Diff. goes on 

7 ^ 

14 

116-47 

117-4 . 

+ 0-93 

increasing 

72 

14 

121-12 

122-7 

+ 1*58 

with (Z). 

73 

14 

125-92 

127*8 

+ 1-88 



The values of v/R»f or Mv used in the above table V, are computed ones. That 
there is a discrepancy, due to combination defect, between the computed and 
the experimental values for Mm and Mv levels, has been stressed by Siegbahn.^® 
But this discrepancy does arise in the case of Mv and Mm from W(74) to 11(92). 
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CONCLUSION 

Although it is only in some cases that the energy of the absorbed quantum 
has agreed almost exactly with that of a corresponding semi-optical line, the 
difference in the corresponding v/R values is never, of course, greater than o’a on 
the average in most of the cases. Also the discontinuity of all the particular 
curves shown, at the atomic number where the level in question is first completely 
filled up, gives justification in differentiating these so-called semi-optical lines 
from other X-ray lines. Lastly, it is to be mentioned that the photograph of 
some of these lines and some of the corresponding absorption limits (as has been 
done by Kievit and Lindsay in cases of of Cu and indirectly by Kawata * 
in the case of L^ri of W and Pt on the same plate, will be more interesting 
and in a sense decisive. It will also throw more light on the process of absorption 
in these cases. 

In conclusion, the author expresses his heartfelt thanks to Prof. K. Prosad, 
for his kind interest and advice during the work and also for kindly scrutinising 
the paper. The author also begs to offer his grateful thanks to the Director of 
Public Instruction, Bihar, for the kind award of a research scholarship to him. 
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SciHNCE CouEGE, Patna, 
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HIGH-FREQUENCY MODULATION OF ULTRA-SHORT 

WAVES* 

By S. S. BANERJEE, D.Sc. 

AND 

B. N. SINGH, M.Sc., 

Benares Hindu University. 

I N 'I' R O D tl C T I O N. 

Modulation of ultra-short waves has di awn the attention of various investi- 
gators in recent times owing to the growing aiipHcation of these waves in trans- 
mission of pictures and television. In the case of transiiiis.sion of speech or music 
the modulation is effected by low or audio frequencies only. Ilul when the 
simultaneous transmissions of speech or music are required with television pro- 
grammes, the problem of modulation becomes more complicated as the ultra- 
short carrier waves have to be modulated with high or video freciueucics for the 
transmission of pictures along with the usual low-frequency modulation for 
speech. The method of amplitude modulation, which is generally used for the 
medium and .short waves, is not so conveniently applicable in the case of modula- 
tion of ultra-short waves as the undesirable frequency modulation usually asso- 
ciated with amplitude modulation becomes more pronounced in the latter case. 
Further, when the modulation of ultra-short W'aves is accomplished by high fre- 
quencies, distortions, the slightest amount of which is detrimental for the ]jicture.s 
transmitted, may be caused by overloading of the modulation circuits due to the 
unavoidable capacities produced at high frequencies. The investigations of the 
methods of modulation of ultra-short waves by high frequencies from the above 
points of view have been found to be necessary. The pre.sent paper contains the 
results of study made by us, of the modulation of ultra-short waves of lengths 
4 to 5 metres by frequencies of the order of i’5 to 3 megacycles per second. 
A preliminary report of this has already appeared in Nature.’ A pair of parallel 
wire high frequency transmission lines of suitable length has been used for effect- 
ing modulation in the present method. It has been shown mathematically that 
this method has the advantage of producing pure amplitude modulation entirely 
free from undesirable frequency modulation for transmission lines of lengths 
A/4 and its integral multiples, A being the wave-length of the carrier wave. This 


* Communicated by the Indian Physical Society. 
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has been experimentally verified by the modified Lecher wire system as adopted 
previously by one of us.'*^ This method of modulation has the further advantage 
that the capacity effects produced at high frequencies as mentioned above are also 
substantially minimised. It should be noted that Eastman and Scott- have 
applied the transmission lines of lengths A/8 for producing frequency modulation 
of the carrier waves in the region of 300 metres by audio frequencies. The 
condition of frequency modulation derived by the above investigators has also 
been verified by us with ultra-short waves modulated by high frequencies. It is 
interesting to note that as the ultra-short waves are modulated by high frequen- 
cies, the side bauds which are fairly separated from the carrier wave can be easily 
detected on the Lecher wire system. The actual frequencies of the side-bands 
produced are calculated and also verified experimentally by modulating the carrier 
wave by different high frequencies. In the case of frequency modulation some- 
times more than two side-bands are exhibited. I 


THEORKTICAL CONSIDERATION vS. ^ 

\ 

In the present method the amplitude modulation is produced by changing a 
part of the resistance of the oscillatory circuit of an ultra-short wave oscillator. 
If this resistance is made to form the sending or input end of a pair of trans- 
mission lines, it can be varied by changing the resistance of the receiving or out- 
put end of the same. 

The following abbreviations will be used in the analyses below and in the 
subsequent sections : 

/f, = frequency of the carrier wave. 

/= frequency of the modulating wave. 

I = length of the transmission lines. 

n = any integral number. 

Rp — surge impedance of the lines. 

R,. = ohmic resistance at the receiving end. 

R., — ohmic resistance at the sending end. 

X, = reactance at the sending end. 

Z, = impedance at the sending end. 

a = attenuation constant. 

= wave-length constant. 

7 j = propagation constant per unit length. 

0=propagation factor (rjl). 
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If the receiving end impedance of the transmission lines be purely ohmic, 
the sending end impedance. 


^ tanh^ 

"[“RoTRTtonh 0 


(i) 


As the impedance at the sending end consists of the ohmic resistance R, and the 

reactance X , , it will be given by 



z, =R^ +iXj 

... (2) 

and, since 

ri = a + jP 



^=(a+y/J)/ 

... (3) 


Substituting the values of Z, and 0 in ecpiation (i) and equating the real and 
imaginary parts separately, after ncglectiug the losses in the transmission lines, 
we get, 


R^R 

R2 cos‘'*^ 1 + R? sin^ jQl 


(4) 


and 


"V" COS 

-o., — vrVo J^r/ t ;"®:-':"® oiT'-r,® • 


Rf cos® $1 + R? sin®|8l 


(5) 


Further, by differentiating R, and X, with respect to R^ we get, from 
equation (4) 

dR, ^ R® ( R® cos®/3/4-R? sin®ffl)-2 R® R® sin® |8l . 

dR, (R®cos®/ 81+R® sin'® ‘i8l)2 ' 

and from equation (5), 


dX, _ _ 2R2 Rr sin pi cos PJ 

dRr (R? cos®^(I+R? sin®^0® 


In order that the amplitude modulation should be free from the undesirable 
freciuency modulation, there must not he any change in the sending end 
reactance, when the receiving end resistance is varied. Hence, equating the left 
hand expression of equation (7) to zero, we get, 

R^Rr sin 2^1=0 
Since, R„ and R^ are not equal to zero. 


3 


sin 2^1=0, 
or, ^l=n7r/2. 
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l=t\ 1 4 oi any integral multiple of this. Substituting this value of 
in equation (6), we get, 


... ( 8 ) 

dR, R? 

and substituting the same in equations (4) and (5) we get, 

R.=R?/R,. ... ( 9 ) 

and X,=o ... (10) 

If the aniplihide modulation is to be linear dR,/dRr must be constant. It 
Will be observed, however, in equation (8) that Ro is a constan/t while Rr 
changes its value. Tlierefore dRaldRr cannot remain cojistaiii. But the 
variation of the value of dR^/dRr will be minimum when R,.=Rt,, ami within a 
limited range of Rr the amplitude modulation will remain sufficiently linear. 


t 

EXPERIMENTAL ARRANGEMENT AND OBSERVATIONS 

For the sake of convenience the experimental part is divided into tw^o 
sections. In the first section, the condition of pure amplitude modulation is 
verified for a length of the transmission lines equal to A/^ where A is the wave- 
length of carrier wave. In the second section the modulated waves have been 
studied by means of modified lyccher wire system for different modulating fre- 
quencies, Short descriptions of these wall be given belowa 


SECTION 1. 

As shown in figure i, the transmission lines are connected at one end by a 
non-inductive high frequency resistance box (R^) and the other ends are connected 
to two points across a suitable non-inductive resistance (R) which is a part of 
the oscillatory circuit of the ultra-short carrier w^ave generator. The current in 



Figure i. 
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the oscillatory circuit could be measured with a thcrmorailliammeter (A). When 
the resistance R, is varied the current in the osciUatory circuit changes, indicat- 
ing thereby that the amplitude of the carrier waves is altered. That 'there is 
no change in the frequency of the carrier waves by the variation of can be 
shown by measuring the wave-length of the carrier waves on a Lecher wire 
system. The values ofR, given by equation (9) for different values of R, 

have been verified experimentally for values of Rr nearly equal loR„. All the 

values of R, (Fig. i) were measured directly, by noting the current passing 
through it with a thermo-milliammeter and measuring the potential difference 
between its two ends by a thermionic voltmeter. The values of resistfince R,, 
which acts in parallel with R not shown in the diagram, were measured by dete^’ 
mining the actual resistance of R, the current through it and the total current 
through the oscillatory circuit. 

Table I gives the values of the resistance R , for different values of resis- 
tance R, in the vicinity of the surge impedance (RJ of the transmission lines. 
Column I contains the actual values of R, determined experimentally, and 
colmnus 2 and 3 contain respectively the observed and calculated values o'f the 
resistance R,. 


Table I. 

Surge impedance (Ro) of the transmission lines=59o ohms. 


Rr in Ohms, 

R , in ohms (Ovserved) . 

R, in ohms (Calculated). 

SS2 

, 628 

631 

570 


611 

593 

S 91 

588 

615 

S75 

566 

628 

560 

'554 


The experimental and the theoretical curves showing the variations of R, 
with R,, when they are approximately linear, are plotted in figure 2. The con- 
tinuous line represents the theoretical curve and the dotted one the experimental. 
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Figure 2. 

SECTION a. 

The actual amplitude modulation of ultra-short waves with transmission 
lines was studied by an assembly of apimratus shown in figure 3. M represents the 
high frequency oscillator generating waves of the order of j 00-200 metres for 
modulating the ultra-short waves generated by the oscillator (O). The valve (V), 
working over the linear portion of its plate cniTent-grid vt)ltage characteristic, 
acts as the receiving end resistance Rr- It should be mentioned that in order 
to obtain linear amplitude modulation, the impedance of the valve should be as 



- H.T. + 

Figure 3. 



far as possible equal to the surge impedance R, of the tr ansmiss ion lines. The 
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tank inductance of the ultra-short wave ascillator is loosely coupled with the 
Lecher wire system. The side-bands are exhibited on the Lecher wires, when 
the ultra short carrier waves arc inodulalcd by different high frequencies. 

The frequencies of the two side bands are measured and compared with those 
obtained theoretically for different modulating frequencies. It may be added 
here, tliat, pure frequency modulation can be produced by using transmission 
lines of length A./8 and in this case, sometimes more than two side bauds have 
been detected on the Lecher wire system- 

Table II below gives the observed and calculated frequencies of the upper 
and lower side bauds for different modulating frequencies. 


Tablb II. 


Carrier frequency (fo) 6i'22 megacyclcs/scc. 


Modulating 
frequency (£) 
in megacycles 
per second. 

upper side band frequency 
in megacyclcs/scc (f*+f) 

Lower side baud frequency 
in megacycles /sec {£« — £) 

Observed. 

f 

Calculated. 

Observed. 

Calculated. 


62*70 

62*72 

5976 

59’72 

I 67 

62-94 

62 '89 

59’59 

5955 

2 00 

63' 19 

63*22 

59 ' 16 

59'23 

2'3I 

6355 

6353 

58-88 

58'9i 

yoo 

64’ 18 

64 22 

58-35 

58-22 


SUMMARY, AND CONCLUSION. 

It has been shown theoretically that pure amplitude modulation of ultra 
short waves, free from undesirable frequency modulation can be produced by 
the use of a pair of parallel wire transmission lines of lengths A/4, where A 
represents the wave-length of the carrier waves. It has been further noted 
that linear amplitude modulation can only be produced if the resistance at the 
receiving end of the transmission lines is nearly equal to the surge impedance 
of the lines. The above results have been experimentally verified. With the 
proper choice of the wave-lengths of the modulating waves the upper and lower 




96 


S. S. Banerjee arid B. N. Singh 

side bands in the case of amplitude modulation are exhibited on a Lcchar wire 
system. The frequencies of these side bande are verified for different 
modulating frequencies. 

In conclusion we desire to express our sincere thanks to Principal 1\ Dutt, 
M. A. (Cantab.) for his valuable suggestions during the course of the investiga- 
tions. 
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ABSTRACT. The lattice encrgie.s of KBr and NaBr have been experimentally determined 
from a study of the thermal ionisation of tlicir vapours at temperatures between i/joo'C— 
i6so°C. and have been found to be 159K. c.als and 176-3 K. cals respectively. By an application 
of the Born’s Cycle the electron .afllnity of bromine has been calculated to be 80 K. cals. 
The results are in good agreement with theoretical calculations made from Born’s theory, and 
other experimental data. 


1 . INTRODUCTION. 

The present paper is an extension of the work done by Prof. M. N. Saha 
and the present author ' on the "Experimental Delerminalion of the Electron 
Affinity of Chlorine." Experimental determination of the lattice energies of 
alkali halides was made by J. E. Mayer ^ in 1930 who made a study of the thermal 
ionisation of the vapours of the iodides of caesium and potassium at temperatures 
of the order of ii5o“K. He also calculated the electron aihnity of iodine 
from his observations by an application of the Born Cycle. Mayer later on with 
E- Helmholtz modified his apparatus for working at high temperatures and 
actually found out experimentally the lattice energies of RbBr and NaCl. 
They worked with a temperature as high as isoo^K, but even this temperature 
could not give them many observations with NaCl because it required even 
higher working temperatures. To meet out this difficulty a successful furnace 
was designed by Prof. Saha and the author ^ and experiments were made 
withKCl, NaCl and EiCl for detennining the electron affinity of chlorine.* 
In the present paper the method has been extended to determine the 
lattice energies of KBr and NaBr and from it the value of the electron 
affinity of bromine has been calculated. Spectroscopic methods have also been 
used to determine the electron affinity and in this connection the work of 
Angerer and Miiller® may be mentioned who observed the absorption spectrum 
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of the vapours of alkali bromides and attributed the beginning of the conti- 
nuous absorption to absorption by Br“ and calculated the electron affinity. 

The older theories for the lattice energy of ionic crystals gave only approxi- 
mate results. In 1932, Max Born and J. E. Mayer ° gave a successful theory 
for the grating energies of ionic crystals which was in very good agreement 
with the experimental data available at that time. They took into account the 
null point oscillation energy, and the effect of Van dcr Waals cohesive forces 
in addition to the Coulombian attractive force and a repulsive force between the 
ions constituting the lattice. The repulsive force has been considered as an 
exponential function instead of a power of the grating interval as was the case 
in the old theory. 

The lattice energy is the energy of the reaction 

i 

MX(Holid) = M^(gQB) + X (gfiB) " ^(fo) 1 

at absolute zero. MX repiesents an alkali halide. If Lmx be the hear of sub- 
limation of the halide at o"K, the heat of dissociation of the gascQUS halide 
into an alkali and a chlorine ion according to the reaction 

MX(gftB) ^ M^(gaB) 4“ X (gan) ""Q *“ ( 2 ) 


is given by 

Q ^(ro)” ■*' 

From consideration of the Born Cycle the quantity Q is connected to the heal 
ol dissociation 1) of the halide, the ionisation potential of the alkali Iq. and the 
electron affinity Ex of the halogen by the relation 

Q = D + lo-Ex 

Born and Mayer have given the following formula for the grating energy of 
ionic crystals: — 



^0 T 






(4) 


(a-i)M'C2^ 1+ g-lc p je 

28 > 


Cl \ J8 /p + i-«)to/p 


2M + aM'C8 (i + ^e P )e 
. \ '-2 


C = S'6C+-+S"c 


(8/p + i-a)ro/p. 

C.* + C- 


where K = 
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E = 9 

4 

a = Tlie Madelung number. 

p = A constant for the alkali halides. 

Sg' = ^ ^ for the same kind of ions. 

S"g = S --“y- for different kind of ions. 

8 = r- + th. difference between the ionic radii. 

M = Number of different kinds of neighbouring ions. 

M' = Number of same kind of neighbouring ions. 

Cv+ = Cl = Interaction between two positive ions. 

C — = = Interaction between two negative ions. 

C+- = Interaction between two oppositely charged ions, 

a = a constant quantity for a given crystal. 

Helmoltz and Mayer*^ calculated the lattice energies of all the alkali halides 
according to the above equation and also found the electron affinity of the 
halogens. Recently their calculations have been revised by M. Iv- Huggins ^ 
who has used more recent data for r-, compressibilities, Van der Waals 
attraction constants and other quantities entering into the equation. In table 
I, the calculated as well as the experimental values for the lattice energy 
of alkali bromides are given. The heals of sublimation of alkali bromides, 
the ionisation potential of the alkalies, the heats of dissociation of the alkali 
bromides and the theoretical as well as experimental magnitude of the electron 
affinity for bromine are also given in the table. 


Table I. 
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The values for the electron affinity of the other halogens calculated accordin g 
to Born and Mayer’s theory are 


Halogen. 

Helmholtz and Mayer 
(K. Cals.) 

Huggins 
,(K. Cals.). 

Fluorine 

95'5 

93*4 

Chlorine 

86-5 

85-1 

Iodine 

74 ’2 

72-1 


All the values mentioned above arc in good agreement with experimental 
results. J. E- Mayer ® found that the electron affinity of iodine is j 72‘6 ± aK . 
cals, and later on P. P. Sutton and J. E. Mayer ® obtained a valud of72'4 + 
T ’5 K. cals, from another different method. From their experiments \ on NaCl 
ly. Helmholtz and J. E. Mayer ^ obtained a value of 88’3 K. cals, for the electron 
affinity of chlorine. M- N. Saha and the present author ’ worked w’ith KCl, 
NaCl and LiCl and obtained a value of 86'6 K. Cals. In the present investigation 
on bromine the value obtained is So K. Cals, which is in good agreement with the 
values given in table i, and also with the value S4’2 K. Cals found by L Helm- 
holtz and J. E. Mayer ^ from their experiments on RbBr. 


a. THEORY. 

If MBr denotes an alkali bromide molecule, the dissociation process at any 
temperature can be represented by the following set of equations: — 


MBr-^ 

= 3 sM + Br-D. 


... (5) 

MBr^ 

=^M*+Br--Q. 


... (6) 

M^ 

=^M* + c-I„. 


... (7) 

Br-^ 

=^Br + e ” E« 


... ( 8 ) 

Br2^= 

=^2Br— D^ 


! (9) 


j D' is the heat of dissociation of bromine. The dissociation of diatomic 
molecules has bee# theoretically worked out by Gibson and Heitler * ® wbo have 
taken into account the translational, rotational, vibrational states of the molecules 
and also the effect of nuclear spin. If Ki, K2, K3, K^, and K5 be the equilibrium 
constants of the reactions represented by the equations (5) to (9) then we have 
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logKi=log^^^ = 


r_^_ D 


+|logT+!og^i-e 

r s 3 / 


hv 


log K2=log - 

yuw 


hp 


~ 2'^T "^^logT + log li-c 


+ log 


3 


log K3=l0g — 


log K4 = log — 
log K5=log 


PvL 

piiTpe 

Put- 

P\r_ , 

Phta 


_ WMBr 

aMife \ 

(zTrnif.) 


log T + log 

2 3RI 2 




+ log 


L 47r^Ife J 


+ log 8. 


(10) 


(ii) 


(la) 

(13) 


(14) 


I is the inoinenl of inertia of the molecule. The dissociation constants 
Ki, Kg, K3, and are connected by the relation 

K2= 

Also from consideration of Born’s cycle we get E=D + Io“Q ... (15) 

and 0(ro) = Q + LMx ... (16) 

The magnitude of the dissociation constant K2 is determined experimentally 
at different temperatures and from it the value of Q is calculated. As the heats of 
dissociation and .sublimation of the alkali halides and the ionisation potentials of 
the alkalies are well known the electron affinity of bromine and the lattice energy 
is easily calculated with the help of equations. (11), (15) and (16) 


3. EXPERIMENTAL. 

The present work deals with an cxpcriiuental study of the thermal ionisation 
of the bromides of sodium and i^otassium at high temperatures. The salt was 
heated in an electric furnace and the vapour was allowed to enter a region of high 
temperature where it suffered dissociation into atoms as well as ions according to 
the equations (5), (6), (7), (8) and (9). The demountable vacuum graphite furnace 
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described in a previous paper by M. N. Saha and A. N. Tandon * was used for 
the production of high temperature. The experimental procedure and the 
internal arrangements inside the furnace have also been described elsewhere.* 
The temperature of the graphite tube was recorded by means of a disappearing 
filament type of pyrometer capabale of reading temperature accurately within 
io°C, the temperature at which the salt vaporised was measured by a nickel- 
nichrome thermocouple. From the temperature of the furnace the vapour pressure 
could be easily calculated. 

The products of dissociation from the graphite tube escaped through a 
narrow circular opening, then passed through a limiting diaphragm, and were 
finally collected by a Faraday cylinder connected to a galvanometer. By giving 
the Faraday cylinder a small positive or negative potential with respect to the 
graphite tube {which is always kept at earth potential) the current due to the 
negative bromine or the positive alkali ions could be easily measured. The partial 
pressure of the ions could be easily calculated from the magnitudes of the ion 
currents. \ 

If ig denotes the current recorded by the galvanometer, the magnitude of 
the total effusion current in ' (due to the positive ions) is given by 


tn+ — ig 

rz 

where d is the distance between the effusion hole and the limiting diaphragm, and 
r the radius of the diaphragm . The effusion current is related to the paitial 
pressure inside the tube by the relation ' 



pu* 

kr 



where S is the area of the effusion hole, T the absolute temperature of the 
graphite tube, vt the mass of ion in absolute units, k tlie Boltzinan constant and 
e the electronic charge. We have therefore 


pM + 



TtVluk'P 


Similarly, 

The experimental 


K* = 


Pu*ptx~ 

pum 


pm anWorfeT 


value of the dissociation constant K2 is therefore given 


T V WhWIht 




by 

(17) 
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4- RESULTS. 

The results obtained for sodium and potassium bromides are given in tables 
2, and 3 respectively. In the second column of the tables the vapour pressure of 
salt at which that observation was taken is given- The vapour pressure of KBr 
has been calculated from the empirical formula of Fioch and Rodebush ^ ’ 

log t>mm = + 8'2470 

For NaBr the older formula of von Wartenburg and Albrecht has been used 

log pMm= - +5'o67S 

4 57l 

In the fourth and fifth columns of the tables the magnitude of the positive and 
negative ion current is given for the diameter of the effusion hole given in the first 
column. The last three columns contain the values of the equilibrium constant, 
Q and the lattice energies respectively. The mean values for the lattice energy 
of KBr and NaBr come out to be T59'7 K. Cals and 176-3 K. Cals respectively. 
The electron affinity for bromine as calculated with KBr comes out to be 8o'8 
K. Cals while with NaBr it is 79-2 K. Cals. These experiments therefore give a 
mean value of 80 K. Cals, for the electron affinity of bromine. 


Table II 


Diameter of 
the effusion 
hole (innis.) 

Vapour 
pressure 
(dynes /cm 2 ) 

Temperature 
of the graphite 
tube (^C) 

i\i^ X 10^ 
(amps.) 

fur’” X lof* 

(amps) 

X 10^ 

Q 

K. cals. 


T -05 

44 -.SS 

3620 

«-«S 3 

7.568 

93*33 

107-4 

157-8 

tt 

78-11 

1610 

9 - 0/14 

7-752 

55*43 

108-7 

1591 

ij 

28-96 

1590 

5-714 

3-809 

45-84 

108-2 

158-6 

1 * 

12-73 

1570 

2-879 

2-252 

3074 

307-6 

158-0 

ft 

1913 


3-273 

2.067 

37-62 

309-2 

159-6 

If 

85-53 

1550 

5-078 

3*174 

11-28 

111*3 

163-7 

If 

38-96 

1520 

4 'I 21 

2-905 

i 8 -o 3 

107-3 

^57'7 

ft 

20-97 

j'470 

1-668 

1*315 

5-967 

108 

158-4 

If 

17-85 

3460 

1*374 

I-(X )1 

4-369 

108-4 

158-8 

11 

26-89 

1435 

0.849 

0-738 

1-303 

110*9 

161-3 

1-17 

227-9 

1570 

11-03 

9*99 

24-08 

109*4 

159*8 

If 

69-45 

1555 

4-988 

4-357 

15*48 

110-1 

160-5 

If 

31-46 

1550 

3-538 

2-692 

r 4 * 9 o 

109*7 

i6o-] 

ft 

22-48 

1550 

2-819 

2*435 

14-97 

109-7 

i6o-i 

ft 

227-9 

1525 

9-221 

7-60 

I 5 ‘i 3 

108-2 

158-6 

If 

75’<53 

1520 

3717 

2-819 

6*713 

110-9 

161.3 

If 

54-17 

1490 

2-845 

2-308 

5*771 

10^4 

159-8 

If 

31-46 

1480 

1*718 

1*358 

3*521 

110.5 

i6o*9 

II 

75-63 

1400 

1*23 

0-948 

b 

1 

119-9 

161*3 


Average of Lattice energy = 1597 K. Cals. 
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Table in. 


Diameter of 
the effusion 
hole (mms.) 

Vapour 

pressure 

(dynes/cm*) 

Temperature 
of the graphite 
tube (“O 

fKa’*’ X 10® 
lamps.) 

inr" X 10 ® 

(amps.) 

Ka X TO® 

Q 

K. Cals. 

*(r,) 

1*17 

31-7 

1620 

9.228 

5-895 

67-41 

126 

177-6 


14 '89 

1600 

4*86 

3-076 

39-08 

126-7 

178-3 

»f 

66-99 

1560 

10-13 

5*725 

33-69 

124-4 

176-0 

If 

52-84 

1500 

4-184 

2-642 

7-695 

125-3 

176-9 

It 

66-99 

147.S 

5-064 

2-863 

7-845 

I23'4 

175-0 

■ 1 

52-84 

14x0 

1-64 

0-991 

1-081 

125-2 

176-8 

II 

94-19 

1400 

2-312 

1-212 

1-031 

124-7 

176-3 

1-58 

38-64 

1640 

25*09 

17-33 

134-4 

124-7 

176-3 

>1 

123-1 

i6(jo 

28-68 

21-51 

58-49 

125-1 

176-7 

II 

52-84 

1555 

12-55 

8-366 

22-67 

12^.4 

177-0 

f 1 

4.VSS 

1540 

TO- 16 

7-171 

18-92 

m 

176-6 

II 

38-64 

1525 

9-561 

5-975 

16-44 

12^-5 

174-1 

II 

123-1 

1500 

11-95 

8-067 

8-672 

12^-8 

176-4 

II 

52-84 

1470 

5-378 

3-885 

4-299 

124-1 

176-7 

II 

43-.5S 

1460 

5-974 

4-183 

6-204 

I23\ 

174-6 


Average of Lattice energy = i76'3 K. Cals. 


5. DISCUSSION OF RESULTS. 

It can be easily seen that the experimental lattice energies for K Br and 
NaBr are in good agreement with the theoretical values given in table t . The 
electron affinity of bromine which has been found to be 80 K. Cals is also in fairly 
good agreement with the theoretical values and also with the* experimental value 
of L- Helmholtz and J. E. Mayer® (84’2 K. Cals). According to theory, the 
positive and negative ion currents should be inversely proportional to their atomic 
weights. This relation is satisfied in both the cases within an accuracy of 15%, 
but a noticeable feature is that in most of the observations this ratio is less than 
the theoretical value which should be i'432 for KBr and 1 '865 for NaBr. This 
can only be attributed to the ]rresencc of free electrons inside the graphite tube, 
the effect of which will be to iucrea.se the number of negative bromine ions accord- 
ing to equation (8) and to diminish the number of alkali ions according to the 
equation (7). Evidently these free electrons are the thermally liberated electrons 
from the graphite tube at that temperature. The current due to these electrons 
was found to be negligible in comparison to the ion currents. (This was found by 
performing experiment without ^ny salt in ^he subsidiary^ furnace.) 

The deviation from the tlieqretical ratio has also been noticed by Helmholtz 
and Mayer® in their investigations on RbBr and NaCl, but they found that the 
positive ion current was larger than its theoretical value. For sodium chloride 
they have taken very few measurements and so nothing decisive can be told. 
They attribute the abnormal value of the ratio to the formation of an ion sheath 
round the effusion hole on account of the existence of a contact potential between 
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the gas inside the oven and the surface surrounding it. The formation of such a 
sheath will accelerate one kind of ions and retard the other. This explanation 
appears to be correct but does not seem to account for the increase of one parti- 
cular kind of ion current. 

In the investigation of the electron affinity of chlorine by M. N. Saha and the 
author it was observed that the positive ion current was much larger than the 
negative ion current in the case of sodium chloride. It was argued that this 
diminution of the negative current was due to the formation of molecular chlorine. 
This interpretation was based on a wrong calculation and cannot be taken as 
correct. At the temperatures and pressures used in the experiment more than 
qg% of the chlorine would exist in the atomic state. This can be tested with the 
help of ecpiation (14). It was thought that In Ilclmoltz and Mayer's experiment 
the abnormally large positive ion current was due to this cause on account of 
working at low temperatures (1300'^ K), but even at this temperature only 4% of 
bromine will exist in the molecular state, at the pressures used in the experiment. 

The limits of experimental error in such experiments have been thoroughly 
discussed by J. E. Mayer® and later on by Helmholtz and Maycr*^ who showed 
that the probable error is not more than ± 2*5 K. Cals. 

I wish to express my sincere thanks to Prof. M. N. Saha, D.Sc., F.E.vS., for 
his invaluable guidance and help throughout this work. Our thanks are also due 
to the Royal Society of London for giving a grant of ;£i50 which enabled us to 
construct the furnace and buy its accessories. 
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ABSTRACT. The present work is an extension of the investi^^ations on the effect of 
meteoric shower on the IC reRion of the ionosphere which were l)egim at Calcutta in 1933. In 
the previous work , on account of iiisnflicient frequency range, the effect of meteors on the 
regions could not be studied. This has now been rectified and the pre sent investigation 
has been made possible. 

Results of observations showed that the ionization of the and 15 p 2 regions increased 
enormously above its normal value during the Leonid meteoric shower of 1936—111 the early 
hours of the mornings of November 15 and 16. 

No appreciable change in the ionization of the Fj and F2 regions occurred in these hours. 
There was an increase of Fj ionization at about midnight on November 15, but this may be 
ascribed to a magnetic storm which was in progress during that night. 

The absenc'e of any increase of ionization of the Fj and F2 regions due to meteoric impact 
i,s explained after the Lindemann-Dobson theory of meteors. 


§1. INTRODUCTION. 

Tt has been known from some time past that meteoric showers affect radio 
reception. Pickard in jgai was the first to notice the effect. In 1930 Skellet, 
considering the available data came to the conclusion that the total amount of 
energy received by the earth from meteoric impact could be as much as i/i4th* 
of that of sunlight and is mainly expended in ionizing the medium through which 
the meteors pass. Since then a number of direct observations on the ionization of 
the upper atmosphere iu relation to the incidence of meteoric showers have lieen 
made iu the United States,^ lndia=’ and Japan. All these observations, which 
were made on the lower K region of the ionosphere situated at a height of about 
100 km., showed definitely that the ion-content of this region increases enormous- 
ly during a meteoric shower. The meteors arc, however, known to shine in 
considerable numbers at levels much higher than that of the F, region. It was 
therefore thought that fruitful results would be obtained if fresh observations on 
the effect of meteors were made with particular attention to tlie higher regions of 
the ionosphere above the normal K region, viz., the Ka. Pi Fg regions. 

Investigation with this object in view was carried out during the L,eonid 
shower of 1936 and the results obtained are described iu this paper. 

5 
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§ 3 . METEORIC SHOWERS. 

It may perhaps be useful here to describe the main feattires of the Leonid and 
of the other similar showers whicli occur at regular intervals. The meteors are 
particles of masses ranging from a few milligrams to several hundreds of kilo- 
grams, which move in swarms round the sun in fixed orbits of definite shape and 
size. The orbits are not infrequently those of defunct or disintegrated comets. 
The meteoric particles, as they are called, are scattered throughout these orbits so 
that whenever the earth crosses one of them, the meteors are attracted into its 
atmosphere. As they rush through the atmosphere they collide with the air 
molecules with the result that the heat developed vaporises the particles and makes 
them glow and appear as meteoric shower. 

The particles moving in a particular orbit constitute what is tjnown as a 
meteoric family. We give below a list of the better known meteoric families 
with duration of the corre.sponding showers and the dates on which the strength 
of each shower is maximum. 


Table I. 


Name. 

Duration. 

Date of Annual Maximum. 

1 

Perscids 

35 day.*! 

August 11-12 

OrionidwS 

M » 

October 19-23 

Leonids 

3 

November 14 

Andromedids 

2 „ 

November 24 

Geminids 


December 11-13 


It should be noted that the distribution of the meteoric particles in a particular 
orbit is not uniform throughout the orbit. There is a main shoal of particles out- 
side which they are relatively sparsely distributed. If the earth, in its annual 
round, crosses the track of a certain family when the main shoal happens to be 
nearest to the ecliptic, then this particular family provides maximum display of 
shooting stars. In case of the Leonids, this maximum occurs at intervals of 
about 33 years. 

The names of the different families as seen in the above table are generally 
associated with certain constellations. This is because of the fact that if the ob- 
served paths of the meteors belonging to a particular group be projected on the 
celestial globe it is seen that all these paths meet approximately at a certain point. 
The name of the shower corresponding to this group is derived from the constel- 


111 


Meteors and Upper ’Atmospheric Ionization 

lation in the celestial sphere in which this point, called the radiant, is situated. 
For example, we call the Leonids as such because its radiant is in the constel- 
lation Leo. 

Besides tffe groups of meteors associated with definite radiants, the earth also 
encounters sporadic meteors which arc known to emanate from interstellar space 
and have no fixed radiants. The shower meteors are all particles connected with 
our solar system whereas the sporadic ones are of extra-solar origin. 

In recent years great improvements have been made, notably in the United 
States, in the methods of observing meteoric phenomena. Results of such ob- 
servations show that the velocity of the meteors vary within wide limits. Teles- 
copic observations reveal that the highest velocity attained may l)e up to 200 
km. /sec. while the velocity of those observed with the naked eye may be as low as 
10 km. /sec. The heights of appearance and disappearance also lie witliin a wide 
range. The highest altitude at which meteors have been observed appear to be 
within the F regions of the ionosphere. There is no lower limit of the height 
of disappearance since the falling of glowing meteors on the ground is not an 
uncommon xjhenomenon. 

A general relation seems to exist between the heights of appearance and dis- 
appearance with the velocity of a meteor. A meteor having greater velocity 
appears higher up and also disappears higher in the atmosphere than one moving 
with a lower velocity. 

The composition of meteors varies considerably from type to type, the chief 
constituents being iron, calcium, magnesium, etc. Generally speaking, meteors 
belonging to our solar system, i.e., the shower meteors are mostly composed of 
rocky materials such as arc found in terrestrial rocks. The .sporadic ones, which 
are of extra-solar origin are mainly of pure iron. 


§ 3 . theoretical considerations. 

Let us consider the processes by which it may be possible for the meteors to 
..reduce ieuizatiou or to increase the same it it were already in existence. For 

this purpose we will have to call to ouraid the varions theoncs wind, have been 

proposed from time to thne to explain the meteoric phenomena. 

Let ns assume, as is most probable, that the atmosphere at or ahove loo km. 

from the surface of the 

teTto. ”the collision is supposed to be inelastic, the toml energy im- 
parted to tlte molecule is approximately that eorrespond.ng to ajo (or 262) 

electron volts. , , , 

The nature of the hnmediate effect of the impact of air molecules on the 
surface of the meteor has been discussed by various authors, bparrow* assumes 
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that the heat imparted to the meteor due to the impact is sufficient to vaporise it 
aud produce a cap or mantle of vapour in front of it. Lindemann and Dobson,*^ 
who have studied meteoric phenomena in great detail, are, however, of opinion 
that the first impact does not impart sufficient heat to cause appreciable vaporisa- 
tion of tlie meteoric material but that the rush of the meteor compresses adiabati- 
cally the air in the neighbourhood of its front surface and as a result an air cap is 
formed. .Subsequent impacts of air molecules on this air cap raises its tempera- 
ture to a sufficient degree to impart i)art of its heat to the meteor and cause 
vaporisation. 

We may now consider which of these two possible processes favours ioniza- 
tion. In the first case collision occurs between air molecules and the molecules 
of the vaj^our of the meteoric material aud in the second case the collision is 
between air molecules of the atmosphere and those of the gas ca]). Nojw, recent 
investigations on ionization by collision between neutral molecules show\ that it is 
much easier to produce ionization when the colliding molecules are of the same 
kind than when they are of different kinds.'' In fact it has not yet beenlpossible 
to detect ionization by collision between neutral molecules of differer^t kinds 
though it has been possible to produce the same for similar molecules (e.g., of Ne, 
A or other rare gases) with energies of about 30 to 60 electron-volts. 

It thus seems that according to the Liudemaun-Dobsou process in which the 
colliding molecules are of the same kind, the possibility of production of ioniza- 
tion in the upper atmosphere by the impact of meteors is much greater. 

Results of our observations to be described later also provide an indepfcudent 
evidence of the correctness of the essential featiures of the lyindemaun-Dobson 
theory. According to this theory the density of the atmosphere at which the cap 
of air begins to be formed in front of a meteor is related to the velocity and radius 
of the meteor by the relation 


P=5‘6 X io~*/rv 


where r is the radius in cms. 

and V is the velocity in cm. /sec. 

Taking the most common velocity as 40 km. /sec. and the average radius 
as 1 mm., the density at which the cap begins to form is found to be 1-4 x io~” 
gm./cc. 

It is possible to calculate the height at which this density will occur. If iso- 
thermal distribution at a temperature of 32o“K is assumed to exist throughout the 
whole of the atmosphere above the level of the tropopause so that 

p = Poe * ' 
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this density is found to be attained at a height of about go kni. Lindcmann and 
Dobson have, however, obtained quite a different distribution of atmospheric 
density from meteoric data. For convenience we ^ivc below two curves, 
one (broken) depicting the variation of density with height as given by these 
authors, and the other (continuous) as obtained on the assuini)tion of an isothermal 
atmosphere at 220"^!^, The thick full line portion is obtained from sounding 
balloon observations. It will be seen that the density falls much less rapidly in 
the former case and the value of p = 1-4 x 10”'^ gni,/c.c. is attained at a height 
of about 200 km.’*' Now, in our observations, as will be described later, we 
have found that only the ionospheric layers which lie below this height 



experience increase of ionization due to a meteoric shower. The upper Fi and F2 
layers are not affected in any way. The absence of any change of ionization in 

* It may be noted here that from their theory of meteors Lindemanu and Dobson arrive 
at the conclusion that the temperature of the atmosphere begins to increase considerably from 
a licight of about 60 km. instead of reiiifiining constant, as hitherto assumed. Recent observ- 
ations on the anomalous propagation of sound waves delinitely indicate that such a tempera- 
ture inversion exists, although the level of inversion is estimated at a somewhat lower height. 
(See Handbuch der Geophysik by Dr. B. Gutenberg, VoL g, Part I ; (1932)*) 
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these higher regions receives an easy explanation on the lyindemann -Dobson 
hypothesis. If the density distribution of Lindemann and Dobson really exists 
then the atmospheric density above 200 km. is such that it does not favour cap 
formation in front of an average meteor. The impact of the meteors will there- 
fore have no effect on the regions above this level. 

In this connexion another interesting point has to be considered. We have 
assumed till now that the meteor is rushing through unionized air, that is, the 
air molecules which form the gas cap or which collide with it are all neutral. 
Really, however, the meteor, in passing through the* various regions of the iono- 
sphere, meets with atmospheric layers wdiich are ionized to different degrees. 
The question arises — how far ionization already existing will promote further 
ionization. We thus have to consider the effect of collision of electrons and of 
I)Ositive and negative ions of nitrogen and oxygen wdth the air molecules forming 
the gas cap. The effect of electrons is negligible since the energy of an electron 
with a velocity of 40 km. /sec. corresponds to only about 4'5Xio"‘'' clAclron- 
volts. For the case of the ions, however, the energy is much higher and corres- 
ponds to about 230 and 262 electron-volts respectively. Experimental data the 
probability of ionizing air molecules by oxygen and nitrogen ions of this energy 
are not available. We may, however, draw some conclusions from data which are 
available for heavy positive ions of potassium, rubidium, etc. It has been found 
that® alkali ions of energy equivalent to only 150 electron-volts produce detect- 
able ionization by collision with rare gas molecules. For the case of negative 
ions data are lacking but it is probable that ionization wdth negative ion^ is 
easier than with positive ions since the escaping electron in the former case will, 
at the moment of ejection, find itself in a more or less neutral field due to the 
combined effect of the impinging negative ion and the positive ion which is pro- 
duced. It is not unreasonable to assume that oxygen and nitrogen ions (positive 
or negative) having energies of not a very different order of magnitude will also 
be able to ionize air molecules. It is therefore possible that the ionization which 
already exists in the different layers of the ionosphere will be a contributory cause 
to the very large increases wdiich have been observed. For levels above 200 km., 
however, since the air cap is not likely to be formed at all, the question of ioniza- 
tion by imi)act of nitrogen and oxygen ions if they already exist — as in theFi 
or F2 layers — does not arise. 

§4. EXPERIMENTAL RESULTS. 

The experimental arrangement employed in our observations was based on 
the w^cll-known group-ijetardation method of Breit and Tuve. The critical pene- 
tration frequency method was made use of in measuring the ionization density of 
the ionospheric regions. The range of frequency employed extended from i me. / 
sec, to 15 inc/sec. The transmitter and receiver were located in the same room. 
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Since tfie Leonid meteoric shower occurs with maximum intensity on the 
14th of November every year as stated above and lasts for about three days it was 
decided to keep hourly records of the ionic densities of the different ionized regions 
for five consecutive nights commencing from the night of November 12-13. The 
observations were made every hour from 2200 hours till 0530 hours in the morning. 
Each observation which comprised the measurement of ionization of all the layers 
that might exist at the time lasted from 10 to 15 minutes. No observations were 
made at :;3oo hours. 

Since the ionic density is given by 

N = 1*28 X lo’"* 

where N is the number of electrons per cm.^ 

and / is the critical penetration frecjiiency in cycles per sec., 



2200 2500 2400 (?IOO 0200 0300 0400 0530 

Time. 


Figure 
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we have plotted the value of against time for each night of observation and for 
each of the ionized regions E], Egi Fi and F2. The average heights of these 
regions were 100, 150, 210 and 270 knis. respectively. It will be noticed in the 
curves given below (Figs. 2 and 3) that the E2 and Fj echoes could not be observ- 
ed at all hours of the night especially during the latter part, as the absence of dots 
representing the ionization indicates. 



2200 2300 2400 0100 0200 0300 0400 0530 

Time. 

FigURE 3 - 


It will be seen in figure 2 (a) that the ionization of the Ei region has gradu- 
ally diminished till the early hours of the morning in the nights of November 
12-13, 13-14 and 16-17., But on the night of November 14-15 the ionization, ins- 
tead of following the normal course of gradual diminution has undergone an 
abnormally high increase at about 0200 hours and then has fallen to the normal 
value at about 0400 hours. Almost the same phenomenon occurred on the night 
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of November 15-16 but the iucrease of iouization had been less marked than on 
the previous night. 

In figure 2 (b) the hourly variation of ionization of the Kg region has been 
depicted. It is seen that the ionic density of this region followed the same 
course as that of the Ei region on all the nights. Only the drop of ionization 
after the maximum on the night of November 14-15 could not be observed 
presumably because the ionization fell below that of the lij region. 

In figures 3 (a) and (b) it will be seen that the ionization of the Fj and F2 
regions, apart from minor irregularities, gradually diminished as night advanced 
and fell to a minimum nearaboiit sunrise on all Ihe nights. Ihil a remarkable 
exception occurred on the night of November 15-16 in the case of the F] region. 
It will be noticed that on this night the ionization of this region suffered an 
abnormal increase at about midnight. 

The increases in the ionization of the and Ko regions on the night of 
November 14-15 are undoubtedly due to the impact of meteors. There was no 
other disturbing factor in this night which might account for these abnormalities. 
There might be some uncertainty with regard to the increases on the night of 
November 15-16 in Ei, K2 and F^ ionization, as there was a magnetic storm in 
progress during that night. Since, however, the time of increase in the ioniza- 
tions of ICi and Ko on this night, corresponds, as on the previous night, to the 
hour of maximum intensity of the Econid shower and also since no significant 
correlation between a magnetic storm and abnormal increase of the ionizations of 
these regions has, as yet, been found in our latitude it may safely be inferred that 
these increases were also due to the meteoric shower. With regard to the increase 
in the F] ionization on the same night it is very doubtful if meteors were respon- 
sible for this since the lime of increavSe does not correspond to the time of maxi- 
mum shower. Further, as in the case of the two regions, there was 110 increase 
of a similar nature on the iirevious night. 


§ 5. CONCLUSION. 

The experimental observations prove conclusively that the lower Ki and 1^2 
regions of the ionosidicre are strongly affected by the meteoric shower while the 
higher Fj and F2 regions are not so affected. The explanation of this phenome- 
non is obtained from the hypothesis of gas cap formation suggested by Eindemann 
and Dobson. As mentioned before if we accept the density distiibiition olitained 
by Eindemanii and Dobson from meteoric data, w-^e find that the atmos]>heic at 
heights above 200 km. is not dense enough to favour gas cap formation in front 
of an average meteor. The meteors therefore pass tlirongh the F, and Fa regions 
which are situated above this level without affecting theii ionization in any 


way. 


6 
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It might appear at first sight that the impact of the meteors would produce 
more or less uniform ionization in the whole mass of air between 160 and 60 km^, 
the region of the most frequent appearance and disappearance of meteors. If, 
however, we remember, as has been explained above, that a region which is 
already ionized should undergo proportionately greater increase of ionization than 
one which is not originally ionized we easily sec that the meteoric impact, instead 
of producing uniform ionization, will lend to accentuate the ionization maxima 
Ki and K2 which are already existing. 
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A NOTE ON THE CRYSTAL STRUCTURE OF SOLID HsS. 

By S. C. SlRKAr., 

AND 

J. GUPfA. 


{Reccivi'cf for piihlicaiion, l\Iitu'h 32 , 1937 .) 

ABSTRACT. An attempt has been made to determine the positions of hydrc)|Tcn atoms in 
the unit cell of solid by correlating the results of investigation of the Raman spectrum with 
those of tbc X-ray analysis of tli(‘ crystal. It it> pointed out that the molecule is not linear in 
i,lie solid stale as concluded by previous workc.rs from results of X-ray analysis, but it is bent 
having the angle- between the two S-Tl bonds equal to about 109“ and the positions of the 
hydrogen atoms in the unit cell are exactly the same as those for the lluorine ions in the 
crystals of CaF*;, The space group is CF . 

The crystal structure of solid was iuvestigated l.)y T- Vegard^ w^ho con- 
cluded from the results of the study of the Uebye-vSeherrer patterns that the 
sul]diur atoms are arranged in a face-centred cubic lattice, and from considera- 
tions of the symmetry of the unit cell he also came to the coiiclasion that the H2S 
molecule is linear in the solid state. The study of the Raman spectrum of solid 
H2S by the present authors, *^ how’cver, revealed the fact that the H2vS molecule is 
not linear in the solid state but the angle between the two b-IT bonds increases to 
about 109° in the solid state from 90'' in the liquid and gaseous states. In 
deriving these results, the valence force system was assumed and the approximate 
formulae 



"ni = M P + b-p) •‘■h ( ••• 

(1) 


in 1 ) 


and 

i-b-p) cos^ tt/2 [ ... 

(2) 


m 1 ] 


were used. 

As has been pointed out by Kohlrausch,^ 

since m^lM{M + 2m) is 


small in comparison with unity, in and M being the mass of the hydrogen and 
sulfihur atoms respectively, the above approximate fonnuUc can be used in the 
present case. ^I'hc value 108^ for calculated with the help of the above formulae 
is therefore not far away from the actual value. The smaller of the two fre* 
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qucncics into which W] is split up in the solid state was used in the calculations, 
but if the mean of these two frequencies be taken, the value of a so obtained does 
not differ appreciably from the tetrahedral angle. It is quite evident, therefore, 
tliat the value i8o"" for fi. obtained by Vegard from results of X-ray analysis is not 
correct. The purpose of the present communication is to point out that though 
no definite information regarding the positions of the hydrogen atoms in the unit 
cell can be obtained from results of X-ray analysis, such an information can be 
obtained by correlating the results with those of the investigation of the Raman 
spectrum. 

According to Vegard the sulphur atoms of solid are arranged in a face- 

centered cubic lattice, the value of a being 576 A.U. and there ))eiug four mole- 
cules per unit cell. The co-ordinates of the sulphur atoms may be assuip'ed to be 
000, o i i, i o i and i i o. The i)ositions of the eight hydrogen atomis should 
be such that the angle a is about lor/. If the co-ordinates of the eight equivalent 
points in the space groups with face-centred cubic lattice be examined, a few 
can give the value of a equal to about 109°. But since the molecules theitiselves 
may ijossess at most the symmetry C2v , the symmetry of the above space groups 
cannot be satislied by the four molecules when these individual molecules arc 
taken as independent groups which are to be brought into coincidence with one 
another by the symmetry operations. If, however, the four sulphur atoms and 
eight hydrogen atoms are taken into consideration separately, the hydrogen atoms 
may be arranged in such a way that in each of the four molecules the vS-H distance 
is the same as in any other molecule and also the angle a is abdut 109” in all the 
molecules. The set of co-ordinates (8 e) given in Wyckofl's Analytical Expression 
of the Results of Theory of Space Group can be chosen for this i^urpose. The 
arrangement of the hydrogen atoms in that case becomes the same as that of 
fluorine ions in the unit cell of CaF2' The space group then becomes Of; and the 
co-ordinates of the hydrogen atoms are 

iih iH; Hi; Hh 
Hi; Hi; Hi; Hi- 

The distance S-H according to the above arrangement is about 2 5 A.U, 
which seems to be too large, but it depends on the value of a which as found by 
Vegard gives for the distance between nearest sulphur atoms a value equal to 4 
A.U. which seems to be a little too large. 

It was mentioned in the previous communication by the present authors ^ 
that the splitting up'of the antisymmetric vibration could be explained by 
assuming the effect of anisotropic crystalline field on this vibration and such an 
anisotropy might be expected in the case of a lattice other than cubic. The 
results of X-ray analysis were overlooked >vhile making such a statement. 
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Since those results show that the lattice is a face-centred cubic oue, at first 
sight it seems that such an anisotropic field is absent. It is po.ssiblc, 
however, to arrange the molecules in the unit cell in such a way that during the 
vibration of the whole lattice, one pair of the molecules in the unit cell may be 
in a slightly larger crystalline field than the other. vSuch an arrangement is 
shown in figure I . The molecules A and A' lie in planes which arc at right 
angles to the planes of the molecules B and IV. There may be different phase 
relations between the vibrations of the four molecules in the lattice and thus a 
difference between the crystalline fields acting on the two pairs of molecules may 
be produced by some of these particular phase relations. l''or the symmetric vibra- 
tion of the molecules, however, it may be .seen from figure i that all the hydrogen 
atoms of the four molecules move in parallel planes and this may be the reason 
why there is no splitting of this vibration. 

An alternative suggestion that there is only pseudo-symmetry of the hydro- 
gen atoms and that the value of « for one pair of molecules is slightly different 
from that for the other pair is not tenable, because in that case the symmetric 
oscillation also would have been split up, but actually it is found to give a single 
sharp Raman line. 



The authors are indebted to Prof. D. M. Bose for his kind iuteicst in the work. 

Paux Ladoeatoky or Physics, 

$2, Upper Circowr Road, 

Caecuha. 


R R F K R E N C J3 S. 

• Vegard, h., Nature, 126 , 916 (1930) : Naturwiss., 18 , 1098 (1930) ■ 

* Sirkar, S. C. and Gupta, J., Jnd. }. Phys., 10, 227 (1936). 

3 Kohlausch, K.W.F., “ Der Smckal Raman Effect," p. 185, Berlin, 1931. 
< Loc. ciU 





15 


ON POSSIBLE ELECTRONIC TRANSITIONS IN Nd^ ++IONS 
AND THE ABSORPTION SPECTRA OF THE SAME 
IN SOLUTION AND IN CRYSTALS.* 


By P. C. MUKHERJl. 

(Received for Pnhlicalwn, April 3, /g37 ) 


Plate II. 


ABSTRACT, The absorption spectra of Nd^ ions havt* been invesli^>ated over the 
entire range from yoo lufi to 200 iising vsolutions and crystals. In solution the intensity 
of light absorption has been inea.snred with a Hilsch double nunjoclironiator. The absorption 
spectra in crystals liave been studied over a wide range of temperature from the rocuii tempera^ 
lure to that of liquid air using large single crystals of NdCl^, bTT^O of dillcreiit tliieknesses. 
The changers brought about by the lowering of temperature^ have been discussed. At low 
temj)erature the sharp absorption lines and bands of Nd"* *■'' ions are distributed in groups 
situated fairly apart from one another. A conipletc list of uavc-leiigths and wave-numhers of 
these lines and bands is given. A broader classiticatioii of the absorption spectra has been 
included in which each group is regarded to be due to an electronic transition from the gremnd 
level to one of the other allowed inner levels of the ion. There is a fair degree of agreement 
klweeiitlK' observed and ealenlatcfl intervals among the eompoiients of the nmltiplet levels 
entered in the classification. The appearance- and disappearanc'e of groui)s of faint lines at the 
temperature of licjuid oxygen are discussed, and evidence is oblained of the presence of a lower 
exeiti-d level cl()se to tlic gn )imd level of the ions. The approximate position of this level is 
about 249 em ^ above the basic level. This is in close agreement with the splitting of the 
ground levcd of Nd+-‘ -*^ ions in a cubic field calculated by Penney and vSehlapp. 


Ill a previous papert the existeiice of broad and diiTnse bauds in the ultra- 
violet was repoi-tcd iii the case of Pr^^Mons in solution. Similar bands in 
the ultra-violet were also observed previously in Ce ^ ^ ion by Bose and Datta, 
and by I- reed. ^ The broad and dilTu.se nature of these bands was explained 
as due to the transition of a 4/-c]ectron from the basic inner level to an excited 
outer level of the ion. Oeiierally speaking, however, the absorption spectia 
of rare earth ions in solution or in crystals consi.st of fairly sharp lines and 
bands, which resemble the spectra of gaseous atoms. They possibly arise from 
the so-called inner transitions between the 4/-(iuantum levels due to different 
orientations of the ‘ 1’ and ‘ s ’-vectors of the electrons in that shell. In the 
present investigations this type of absorption spectra of Nd - ions will be 
studied as they do not appear to have lieen systematically classified so far. 

The investigations on the absorption spectra of the rare earth ions in the 
visible region started early. In this connection the work of Becijnerel and de 
* Read before the Indian Pby.sical Society on the 17th April, 1937. 
t Ind. 7. Phys., X, p. 319 (1936). 
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Haas ^ is of great importance. They used the natural crystals of rare earth 
minerals and studied the effect of very low temperature on their absorption 
spectra. But these crystals usually contained a mixture of the different rare 
earth ions and so it was not possible for them to identify the lines and bands 
due to particular ions. Work on this line was later taken up by Freed and 
Spedding,'^ who investigated the spectra due to Gd ^ ‘ Sni and Er 
ions. They carried on a long series of investigations with large single crystals 
and conglomerated crystals down to very low temperatures and constructed 
energy level diagi'ams for the different ions to interpret the fine structure of 
their absorption spectra. The i)resent paper contains the results of the investi- 
gations carried on with Nd ^ ^ ^ ion in solution as well as in crystals, and in 
the latter case at low temi)eratures. A broader classification of the lines and 
bands is also attempted here ; a more complete analysis and interpretation of 
the spectra will be reserved for a subsequent paper. 

K X P K R T M F N T A Iv T N V K T 1 O A T I O N vS . 

The present investigations consist of (i) the qualitative and quai\titalive 
measurement of the absorption of light by Nd ‘ ' ions in solution over the 
entire spectral region from the near infi'a-red to the ultra-violet : (ii) investiga- 
tion of the absorption spectra of (NdCly, 6H2O) crystals over a wide range 
of temperature, viz,, from the room temperature to that of liquid air. 

The absorption spectra of Nd'^^ '^ions in solution were investigated with 
Fuess spectrographs with glass and quartz prisms and lenses repectivcly ; in the 
visible and in the ultra-violet region. In order to photograph the near infra-red 
region a spectrograph with two Cornu prisms was taken and .set up with the help 
of neon lines. Agfa Infra-red Rapid plates, sensitive up to 900 mix were 
used for this part of the work. The source of light was a 250 watt straight 
filament high intensity lanq3. Preliminary rc.sults of observation in the near 
infra-red and ultra-violet were publi.shed ])reviously '^’: lafter on, these investigations 
have been repeated with large single crystals and at low temperatures under 
higher dispersion. 

M K A S U R K M F N T O T H K T N T K N S I T Y OF hi G IT T 
A n 8 O R P T 1 O N IN vS O h V T ION. 

Apart from the study of the absorption spectra of solutions, the percentage 
of absorption of light was measured over the whole region with a Hilsch double 
monochromator. The experimental details of the procedure with the double 
monochromator is given in a paper by Datta and Deb.^ In the visible region 
precisely the same Sirrangemcnt was followed here, a potassium photo-cell 
and a Wulf 's string electrometer were used in conjunction to measure the relative 
intensity of the transmitted monochromatic beam. 
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The solution was diluted before-hand to a suitable streu^rth so that the 
maximum absorption did not exceed 50 p. c. of tlie incident light. The same 
dilution was, however, maintained throughout tlie cxpcriincnt, in order to get 
an idea of the relative intensities of the dilTerent lines and bands. Finally a 
curve was drawn with these data, the ordinate and abscissa representing tJie 
l)crcentage of absorption and wave-length respectively, as shown in the Figures 
1, 2 and 3. 



W.'ivo-lciigtli ill /M/u 
FlCillRK I- 



W.Tve-lciigtli ill }}Jfi 


Fjgukic 2. 



Wave-length in mfi 

hTauRK 3* 


7 
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At the extreme red end of the spectrum and in the near infra-red the K- 
photocell proved very insensitive and the rate of deflection of the electrometer 
filament became very slow. For meavSureiiient in this region, therefore, the 
above arrangement was replaced by a MolFs thermopile and galvanometer. As 
the deflection of the galvanometer was now proportional to the intensity of the 
monochromatic beam incident on the thermopile, it was determined accurately 
with a kimi) and scale arrangement allcrnately for the solution and the solvent. 
This was repeated at small intervals up to goo mfi and a curve drawn similar to 
that mentioned above. It was not possible to extend the investigation beyond 
o’g/A as the present arrangement using glass electric bulb and glass optical parts 
became insensitive. 

The results obtained with the monochromator are given in Table I. In 
Nd'^"^ ions the absorption lines and bands are distributed more or less in the 
form of groups, each group having a further multiplct like structure. On 
account of the small disj^ersion of the monochromator it was not possible no obtain 
separate peaks for each of the individual lines and bands. But corresponding to 
every groui) one crest was obtained in the curve^ the highest point representing 
the C. G. of the group as a whole. The position of these peaks are given in the 
table. The ultra-violet absorption lines of Nd were very faint and so it w^as 
not possible to record them with the monochromator. 


Taiile I. 



Concentra- 

tion. 

Thickness. 

Position of aborption 
maxima. 

Percentage of selec- 
tive absorption. 

I H) 

2% Soln. 

1 cm. 

8700 A 

TO% 

(«) 

ij 


7940 .. 

35% 

(Hi) 

M 

j t 

7440 1, 

28% 

n (0 


2 cm 

577^^1 5^75 ^ 

40'X. 

(it) 

1 » 

1 1 

5200 A 

35 % 

(Hi) 

» J 

II 

5030, 5100 A 

1^/0 

(iv) 

If 

I) 

4800, 472s, 4650 a 

15% 

(v) 


II 

44*5 A 

24% 


1 N VBvSTIG A TiONvS AT b () W T K M P K R A T TJ R E) WITH 
nvARGl^ vSlNGLK C R Y S T A b S. 

In order to study the absorption spectra at low temperature large single 
crystals of NdCla, 6H2C) were prepared. The seeds were obtained from a solu- 
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tion of pure NdCla* which was saturated by evaporation on water bath and 
allowed to cool in a large dessicat or containing a few bits of fused CaClo. After 
two or three days a few minute crystals were found at the bottom of the 
solution from which one or two small crystals with perfect surfaces were taheii 
and allow'ed to grow^ in the saturated solution after lllteriug the latter very care- 
fully. When the seeds grew to an appreciable size they were suspended inside 
the solution by means of fine silk threads, in order to facilitate the free growth 
of the faces. The crystals were allowed to grow at a very slow rate, by cover- 
ing the beaker containing the solution with a t)ai)er and leaving a small aperture 
at the centre for evaporation. The solution was not disturbed for several days 
when the crystal became fairly large in size. 

The crystals w'cre, later on, ground to different thicknesses by rul)bing 
lightly on a piece of silk moistened with a drop of distilled water. As the crys- 
tals readily absorb moisture from the air they w ere kept in small airtight cases. 
For this purpose an annular glass disc of nearly the same thickness as the crys- 
tal was taken and quartz discs were scaled on both sides w^ith the crystal 
wdthin. This was then taken inside a w ell fitting brass cell w ith oi)enings on 
either sides for the i)assage of light. The cell is prepared from a brass rod 
which extends below by al)out one inch (see Fig. /i). 



Figure 4. 

The absorption spectra of the crystals were investigated at thiec diffeient 
temperatures, viz., room tcmperatui'c, ni. p. of ethyl alcohol and b. p. of liquid 
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oxygen. In order to cool down the crystal and maintain it constantly at the 
low temperature, the cooling agent say, liquid oxygen, was taken inside an 
unsilvered Dewar's flask and the carrier with the crystal was slowly introduced 
into it. The whole arrangement was kept well immersed for about 15 mins* to 
assure its equililirium of temperature with the surroundings. The carrier was 
then raised so that the crystal was just above the surface of the boiling liquid; 
the lower end of the carrier, t/.*:., the solid portion dipped into the liquid and 
maintained the steady low temperature. By this device the crystal was surrounded 
by a column of the cold vapour, whcrel)y the superposition of the diffuse absorp- 
tion bands due to the cooling bath was avoided. The bath of intermediate 
temperature, vh., m. p. of ethyl alcohol, was prepared by dropping liquid oxygen 
gradually on absolute alcohol till it reached a pasty viscous state prior to solidi- 
fication. In practice liquid oxygen was added slightly in excess so that there was 
a layer of solidified alcohol above the metallic carrier- \ 

In the visible region the si»ectra were photographed with a Hilger Ivi-.spec* 
trograph with glass optical parts. Tight from a 100 c- p. pointolite Mmp was 
focussed on the surface of the cry.stal by a large condenser, and the tra^isinitted 
beam was again rendered parallel by means of another convex lens placed in front 
of the vSlit of the spectrograph. This removed any non-uniformity across the length 
of the spectrum that often occurs in photographing with inhomogeneous crystals- 
Kodak super sensitive panchromatic films were used and the exposure ranged 
from 10 to 20 mins, at the low temperature. For the infra-red a spectrograph 
with two dense flint glass privSms was used. The exposure rei^uired for the Agfa 
infra-red plates exceeded half an hour. The suitable thickness of the crystal was 
here i mm. nearly. 

In the ultra-violet region a specially constructed unsilvered Dew^ar's flask 
of fused quartz replaced the glass one. The source of continuous radiation was 
a hydrogen discharge tube run by a small 3 K. V . transformer at about too M.A 
current. A llilger E2 quartz spectrograidi was used. The absorption lines 
were all very weak in this region, and therefore, a much thicker crystal 
(/ = 3 nivi.) had to be used- The exposures ranged from 20 to 25 mins. A 
thinner crystal was also used to record the finer structure of a few absoiption 
lines in the near ultra-violet. For this portion an ordinary tungsten filament 
lanii) was used on account of the presence of a few emission bands in the hydro- 
gen spectra below 3007 »/t which persisted in spite of all precautions. 

At ordinary temperature the absorption spectra consisted of narrow lines 
and bands distributed in groups over the entire region from gooni^ in the 
infra-red to 240;H/T^in the ultra-violet. With the lowering of tempcratuie almost 
all the lines gained in sharpness and intensity and the bands were resolved into 
finer components. At the nu p. of ethyl alcohol the lines and bands were all 
very narrow and sharp. Further lowering produced some new results, viz,, at 
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liquid oxygen temperature some of the absorption lines were intcusificd and 
several faint components were added as wings to many of the so-called grouixs. 
In one parlictilar groux> however an opposite effect was noticed, ri::., a group of 
faint lines adjacent to a group of stronger lines of higher frequency became 
less distinct than at the alcohol temperature and could be observed only by 
using a thicker crystal. The components in a group appeared more dispersed, 
due to shift of the side components torwards red and blue. A few groups, 
however, did not become very sharp even at the liquid oxygen temperature, 
'riiey, perha])S, required still further lowering of temperature to attain the same 
degree of sharpness. These characteristics are showm in l^latc I, llie wave-length 
and wave-number of the groups of lines are given in 'i'ablcs II-IV (given at the 
end of the paper). 


D I vS C U vS vS I O N O V R n 8 U L T 8 

It has been observed that lowering of temperature of the crystals brings in 
many interesting changes in the general appearance of the absorption spectra. 
At the ordinary temperature the energy levels in a solid are spread over fairly 
broad bands due to the superposition of the oscillations of the lattice. This 
produces a partial over-lapping of the consecutive energy levels and in conse- 
quence a group of fine lines is broadened into a diffuse band. It is to be 
expected, therefore, that at low temperature the broad bands will be resolved 
into sharp components and reveal the true picture of the energy levels. 
Further, owing to the contraction of the lattice there will be an increase in 
the intensity of the crystal-field which produces the splitting up of the energy 
levels ; .so that the miiltiplct lines in each group will appear wdder apart at low 
temperatures. The appearance of fainter components at low temperature is 
perhaps due to the violation of the selection rules under the innueuce of the 
increased electrostatic field. The disappearance of any group of lines, on the 
other hand, means disapi)earance of certain energy level at the low temperature 
which is possible only for a so-called lower excited level as the popTilation there 
will be diminished gradually with cooling. It is found that at liquid oxygen 
temperature the absorption lines of Nd'^^^ with very few exceptions are all very 
sharp. In the following portion an analysis of these lines is given and their 
origin is discussed in the light of tlie usual theories of the spectra of rare earth 
ions. For a complete classification of the absorption spectra more detailed 
measurements with higher resolution and at still lower temperatures are neces- 
sary. Also it requires a more detailed knowledge of the effect of the crystalline 
field in splitting up of the energy levels of the ions, and of the selection rules 
governing the transitions between different term-levels, which is at present 
wanting. 



130 


P. C. Mul^herji 


The line emission spectra of the rare earth phosphores were widely investigated 
by Tomaschek/ lie interpreted the stronger components in the spectra of Pr, 
Nd, vSm,elc., by transitions among the inner ^/-levels due to the different orienta- 
li( ns of the ^ 1 ' and ^ s ’ vectors of the electrons. In ascribing the transitions he 
further supposed that the radiation emitted by the rare earth ions, subjected to 
the strong electric field in the phosphore, was (juadrupole in nature. The sharp 
lines in the fluorescence spectra of Tb, liu, Dy at low temperature are also 
regarded as due to similar transitions. It is assumed, therefore, in the reverse 
process, vh., absorption, the sharp lines and bands are due to inner transitions In 
Nd ^ ^ ions containing only three ^i/-elcctrons the different quantum states allow- 
ed by Pussell-Saunders coupling fall into two groups consisting of doublets and 
quartets. They are given by ^(P, D, F, G, H, I, K, L) and ^{S, I), F, Gj I); of 
these evidently represents the ground slate, as the term possesses mi|nimum 

* J ’-value consistent with maximum 'L’ and \S ’-values. The levels reprisented 
by other terms are all excited ones, according to Hund's rules, vir:., (1) of all the 
allowed terms for the same electronic configuration those which have maxnnum 
multiplicity lie lowest ; (2) of the group of terms having the same multiplicity, the 
term with the largest orbital quantum number lie lowest. So that Jicre taking 
the quartet levels we have S ; similarly, it is among the 
doublet ones. Further here the multiiilcts being normal, the terms with small- 
est 7 ’ are lowest. At the room temperature or below the ions are mostly in the 
ground level and transitions from this to the other levels may be supposed to 
constitute the absorption lines and bands. This supposition is more or ' less 
justified hy the results obtained in the measurement of absorption by the double 
monochromator. On comparison of the absorption curves for the solution given 
in Figures i, 2 and 3 Avith the microphot onietric records of the corresponding ab- 
sorption spectra, the two sets are found to agree very closely. The slight divergences 
are due to the relatively small dispersion of the monochromator, which masks the 
finer structure of the absorption spectra. The appearance of the lines and bands 
in the monochrcimatic ab.sori3tion shows that they are due to transitions from 
the ground level and not due to the intercombinations of the various states, 
which were taken into consideration by Tomaschek to account for the phosphores- 
cence spectra. 

The abvSoiqition spectra with crystals (NdCls, 6H2C)) at the liquid oxygen 
temperature show that the sharp lines and bands arc distributed in groups. The 
finer components inside the groups arc very close to each other, wdiilc the groups 
themselves are far apart from one another. In this preliminary classification it 
W’ill be assumed that each group is due to one particular transition between the 
ground state and a higher one, while the inner structure of a group is due to the 
splitting up of the levels in the crystalline field, on which arc superposed the 
lattice oscillations and rotations. The centre of gravity of each, in w avcmiimbers 
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thus denotes the position of the corresponding electronic transition in the free 
ion. InNd^ *"^ ion several such groups of absorirtiou liiie.s have been recorded. 
It is attempted here to assign specific electronic transition to a few of these 
groups. 

On account of the presence of strong electrostatic forces in the neighbourhood 
of the Nd*'" ions in crystals, the electronic transitions will deviate from the 
usual rules of selection. Following the rules of i}uadrui)ole radiation it is found 
that there are three possible types of changes in the different quantum numbers, 
viz., ‘V, 's' and ‘j’. 

(i) ‘V and ‘s’ may remain same in the initial and final states, so that there 
is only a change in the value of ‘f. This evidently refers to the transitions to the 
upper slates of the gromid term inultijilet, viz., *1. 

(ii) ‘.s’ may remain unchanged w'hile the other two, viz., ‘V and 'j' are altered 
in the transition. This w ill include all transitions from the basic level to the 
com])oncnts of the other ()uai tet levels allow'ed by R. S. coiqiling. 

(ill) 'V, 's’ and 'f may all undergo a change in the transition, v'such changes 
of the quantum numbers will be involved in transitions from the quartet ground 
level to some of the doublet levels allow'ed in the i)reseut case. 

The transitions according to (nj) involve a change in multqdicity which is 
not so probable and therefore it is obvious that the corresponding lines w ill be 
fainter than due to (j) or (;/). In the following classification these alternative 
possibilities are considered but w'e confine ourselves to changes of 'j' value not 
exceeding ±2 in any transition. 

In the present case, the transitions due to (i) have to be excluded. The 
lines and bands due to such transitions would be situated on the longer w'ave- 
length side of i‘6/x in the infra-red as the total interval of'T level amounts to 
65300111“^. In the present investigation lines and bands on the shorter side of 
'ugjx have been recorded. Also Rueg^ in his investigations in the infra-red region 
did not find any .specific absoiqhion due to Nd+^ ‘ between .9/x and 2.0/1. So that 
the first group of absorption lines in 'I'able II may be taken to be the lowest fre- 
quency, on the wave-number scale, and can therefore be ascribed to the transitiem 
from the ground state to the next higher one, viz., *] 51 2. In fact 

the four groups of absorption lines in the infra-red may be regarded as due to 
transitions to the four ‘‘G levels. It is required in such a case that the frequency 
differences between the centres of the consecutive groups should be equal respec- 
tively to the intervals between the component levels of *G. It is shown in Table 
V that there is a fair degree of agreement in the order of magnitude of the inter- 
vals. The calculations are made according to Sommerfeld’s formula and Lande’s 
interval rule, assuming o- = 3^1 for the rare earth ions. A few other transitions 
among the quartet levels are also siJecified for the stronger groups of lines in the visi- 
ble region. The weaker groups of lines in the visible and the much w eaker lines in 
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the ultra-violet are not yet classified. It appears likely from what has been said 
above that the weak ultra-violet lines originate in transitions to the doublet upper 
levels. Such transitions together with the corrcsi^jonding intervals both calculated 
and observed are included in the table. 

In the table the general inteiivSity of the observed groups of lines is 
also specified. It is found tliat although there are some transitions which 
violate the principle of selection, the intensities of the corresponding 


Table V. 


C. (t. of the groups 


1. 


(i) 
in) 

(Hi) 

(tv) 

II. (1) 

(ii) 

(Hi) 

(iv) 

(v) (a) 

(l>) 
(c) 

(Vi) (a) 

(b) 

HI. (0 
(ii) 

(Hi) 

(iv) 

(v) 

(vi) 

(vii) 

(via) 


iT,.S.S3 ‘'"1" 

.. 

1.3,534 

14. 71)1 .. 

TS,h«‘'’ 

17,120 „ 

18,900 „ 

19,622 „ \ 
20,651 „ ^ 

21,103 „ / 

21,502 „ 

22,428 „ 

23,243 „ 

24,745 „ \ 

28,486 „ 

.30,412 „ /x 

/ 

3.3.'i46 „ / 
34.201 ,, 

38,285 „ 

39,75') ,. 

42,375 „* 


lutervals 
(<jbstrvt'(J) . 


956 eiu 1 
1,025 ., 

1,257 „ 

1,140 „ 

1,780 „ 


1,481 


5,667 „ 

4.563 ., 

4,082 „ 

2,616 ,, 


Tiitcn.sity 
(observttti) . 


weak 

string 

f I 

fair 

weak 

strong 

i> 

fail- 

weak 

strong 

weak 

>> 

fair 

weak 

fair 

*» 

weak 


very weak 


Transitions 

assigned. 




g/2 


4r; 


7 h 




C )/'2 


4 F 


11/2 


— > ^0/2 


g/2 


JD 


5/^- 


jn 


7/2 


Intervals 

ji-alc.) 



<)!■ 


\l 

■'■ 7 h \y 

■'3,/, / 

2 f 


1,484 ,, 


t,ts 4 „ 


Sh- 

V'V/, 


jD 


5/2 


5.441 

4,452 

3.463 

2,473 


liue.s ai'c imicli less as compared to those of the favoured transitions, 'f'hus 
the lines with A/ = + 3 are in general much weaker than those with 
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A/ = oor ± I. Further the fact that these faint lines are more pioiniuent 
at the low temperature indicates that the selection rules break down to 
a greater extent in the increased crystalline field due to the contraction 
of the lattice. It has not, however, been ijossible to classify some of the 
observed groups. These i)ossibly arise from transitions involving a greater 
violation of the selection rules than has been considered so far. Further it 
appears from the table that in the majority of ca.ses the calculated intervals are not 
in close agreement with the observed ones. This may be due to an uncertainty 
in the value of the screening constant taken in the calculation. (h)brecht‘^ has 
recently obtained the value of the screening constant (a- — 3^ ’4) for Ku^^l ions 
from the splitting of the ground term which is evidenced in the flnorevSceiicc spectra 
of the ion in the infra-red. vSimilar data for the Nd" ‘ ' ions are yet wanting and 
so no direct comparison crmld be made. 

Before concluding this y^aper \vc shall deal with the appearance and dis- 
appearance of a few groups of lines at low temperature. It has been remarked 
that although most of them gain in sharpness and intensity witJi cooling, there 
arc one or two which behave differently. 'I'lius the weaker lines on the longer 
wave-length side of group II (///) became sharj) at the m.p. of alcohob but they 
were reduced in intensity. At the temperature of liquid oxygen these lines were 
extremely faint and could be observed only by using a thicker crystal. 'I'his 
suggests that tlie origin of these faint lines is perhaps some excited lower level 
close to the basic level of the ion, where the po])ulation is very much reduced 
at the liquid oxygen temperature. The existence of such a level would require 
a constant frequency difference between each of the components of the faint 
group and the corresponding member of the adjacent strong group ; also this 
sort of thing would recur in many of the gi'oups. In Table VI it is shown that 
in the group referred to above there is actually a more or less constant interval. 


'J'Annu VI- 


vSirmig lines. j 

Weak lines. 

Interval. 

ig,i 7 ]/| env ^ 

18,807 enr^ 

247 rm“^ 

19,095 

18.857. 

*> 

lQ,oS2 ,, 

T8,8?,n ,, 

262 

10,035 ,, 

18,788 

^17 M 

ig,ooi ,, 

00 

2/19 „ 

i8,q72 


... 

18,9-10 „ 

i8,6gi j, 

249 M 


The average value of the interval may be taken to be '^49 cm 

8 
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In this connection it will be interesting to compare the splitting of the 
gi-ound term of Nd'"''’" ions in the crystalline field as calculated by Penney and 
Schlapp. They worked out the case of hydrated sulphate in order to 
investigate the variation of their magnetic susceptibility with temperature. The 
field was here taken to be of cubic symmetry. In the absence of a magnetic field 
the ground state is split up into one single level and two doubly degenerate levels. 
When a magnetic field is present each of the levels is doubled and the total 
number of levels becomes ten. The energy values of the levels when this 
external field is absent are given by 


Wi = 20-95 A. 


W2=9'ti a, 

\ 

W3 = -J9-59A. 1 


The variation of magnetic susceptibility with tcmpcratui'e of these crystals was 
investigated experimentally by Gorter and de Haas and by Jackson. The above 
calculated values were in veiy good agreement witli these experimental data 
assuming A= —20'6 cm~^ in the above formulae. According to this value of ‘ A ’ 
the energy interval between the two lower levels becomes 

W2—Wt= - 11-84 A=244 cm“’. 

This is quite close to the energy interval between the lower excited level and the 
basic level obtained above. In the present investigation the anion was different, 
viz., chloride ion. It may be regarded, therefore, that the crystalline field being 
primarily due to the dipole w'ater molecules, is of cubic symmetry in both the cases 
and so the anions do not influence the splitting to any large extent. 

In conclusion, the writer de.sires to express his grateful thanks to Prof. D. 
M. Bose for his kind interest and helpful suggestions during the progress of tlie 
work. He is also thankful to the authorities of the Bose Kcsearch Institute, for 
having kindly allowed him to use tlie Hilger Ei -spectrograph and offered all 
sorts of facilities. 
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Taule II- 


Absorption lines in the near infra-red region with crystal of thickness=o'S nim. 


(0 


m 


(tv) 


R. T. 

A(A"). 

0. T. 

4 (A"). 

»'(cm 1). 
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^ 1,554 
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8 o /| o -4 

8 o 4 | i-:i 
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8006-3 1 

12,487-2 


79S8-7 ' 

12.514 

7971-9 

7971-1 

12,542 


7955 -^ 

12.567 

7955-6 

7951-1 

12.605 


78W-4 

12,655-6 

788:1 1 

7881-8 

12,684 


7863-3 

12,714 

7548-3 

7549-8 

13.241-4 

7492-5 

7492-4 

13.344 

7 - 154 

7454 -- 

13.412 


7414-8 

i 3 . 4 -'^ 2-5 

7396-5 

7397 

13.515-3 

7364-6 

7364-8 

13.574 


7310-7 

13.674-3 


7278-5 

n,i?>r 7 > 

6834-6 

6835-5 

14.625-5 


6787 

14.730 


Remarks. 


The dilfnse Ijand at R. T. ts 
rt*solvL(l at low Icmporaliire 
into Ihi'ce sharp lin^\s. 


At low lempevalnia* a tew new' 
r()mi)oncnls are ailded ; a 
ftwdillnse broad lines at 
R. '1'. are resolved. The 
group consists of very 
sharp, equidistant lines at 
O.T. 


Three new components are 
addetl al O. T. and the rest 
become more sharp and 
inteiist'. 


'Phe change is similar as 
ill group (///). 


6767-3 


14.773 


6753-7 

6736-1 


6751’4 


14,8077 


6726-2 


14,863. 


(R.T— room temperature ; O.T.=H<juicl oxygen tcmpetatnie.) 
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Table III. 


Absorption lines in the visible region with crystal of thickness = o '8 nun. 
Lines marked with an asterisk are observed =2 mm. 



R.T. 


O.T. 


A (A°) 

A (A*') 


V (cni'M 

(i) 







62^0-6 


T 5 i 9 i 7-7 



6267 ■! 


15,%- 



6?.54-2 


15,985 



62 ^ 2 -^ 


16,015 

ii) 


6231*2 


16,044 



59647 


16,761 



595«7 


16,777-5 


5935 

1 59 T 9 -J 


1 i 6 ,i 5 go 



59‘-’9 


16,918*6 



58P2« 


16,996 


One very broad 
band. 

5874-6''- 


17,017-7 


—5775 

5855-1 


17,074-4 



5845-6 


17,102 



5834-5 


17,134-7 


1 

5823-1 


17,168 



57*59 


17,^39-6 



5777'5 


J 7 , 3 ^\ 3*7 


57677 

5767-3 


17,334 



5756-8 


^ 7,365 


5739’9 

5739-5 


17,418 


5720-9 

5719' 1 


17.479 


5360-2 

5359 * 


18,654-6 



5348-6* 


18.691 


53347 

5331 - 2 * 


18,752 



5321 - 1 * 


18,788 


5313-5 

5312* 


18,820 


Remarks* 


A group of sharp, weak, 
equidistant lines. ^"hesf 
are very indistant at R.? - 


I I\laiiy broad bands are rc- 
solved into sharper eoinjK)- 
I ntinls at O.'l'. Some faint 
eompoiieiits are added The 
lines and hands arc strong. 


This group may be subdi- 
vided into two; the first 
half consists of faint lines 
which glow weaker with 
cooling; the latter half as 
usual gains in sharpness 
and intensity. 
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Table: III (contd.). 
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R. T. 


-O.T. 



a(A-) 

A(A“) 




5303* 

18,852 



5290-4* 

18,897 


5276-8 

5278-4 

18,940 


5267 

5269-4 

18,972 



5261-5 

19,001 


5252*3 

5252 

19,035 



5239 

19,082 



5235-6 

19,094-7 


5224 

5222 

19.144 

( iv ) 


5175-3* 

19,317 


5 i<^rs 

516/1-8 

19,356*5 



5 L 39 ‘i 

J 9,457 


512.S 

5133-9 

1 T 9, 473 



5123-4 

19,513 



5118-1 

19,533 



51 o 6’6 

19,577 



5090-8 

19,63^ 



5069 •6'*' 

19,720 



5 f ^»397 

19,837 


5022-9 

5026*9 

19,887 



5015-9* 

19,931 

iv ) 


4894-1* 

20,427 

(a 

) 





4888-8'* 

20,449 



4881-6* 

20 , 479-4 



4873-g* 

20,511*7 



4866-5* 

20,543 



4856-7+ 

20,584-4 


4838-1 

4840-9 

20,651-6 


Rcinnrks. 


Here till' lines iiri' slif»liUy 
(iifluse even at ( ). T. I\Tany 
faint lines ai)i)eart‘ at p. 'i\ 


The group grows at C). T. 
and very faint (‘otnpoiieiits 
are added as wings to bdtli 
sides of the single strong 
line at A* 
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Tabi^E III {contd.). 



R. r . 

0 . T. 






Remarks. 


MA“) 

MA*) 

i'(ciTr *) 




4826-5* 

20.713 




4806-8* 

20.798 




4798-9* , 

20,832 




4791-4* 

20,865 


{ b ) 


4773*2 

20, 94-1 ‘5 

j 


47687 

4767-2 

20,970 

\ 



4758-3 

2 T, 0 I 0 

1 'hc appearauci' Is of a so- 
c.alled series liiifsl These 



4752*9 

21,034 

arc sharp even at R, T. At 
(). T. thc)^ become ysJinrper 
and some faint components 


4743-5 

4743*4 

21,076 



21,128 

appear. 


4729-4 

4731-7 



4715*5 

4716-1 

21,198 



4703*4 

4702-1 

21,261 




4688-8« 

21,321-5 



4679 'S 

4681-7 

21,354 




4673-5* 

21,391*3 




4666 * 

21.425*7 




4660-4 

21,451*3 




4651 ■8’^ 

21,491 




4647-3*- 

21,512 



4638 7 

4639 

21,550*5 




4617-8 

21,649*3 



4607-4 

4609-3* 

21,689 




4568-5 

21,883 


{ vi ) 



22,341 


(fl) 


4474-8 



4469-6 , 

4468-5 

22.372-6 

Lines are slightly diffuse 


4453 

4453-5 

22,448 

even at 0. T. 



4449-3 

22,469 




4440-3 

22,515 

i 

r 
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R.T. 

O.T. 


A(A") 

A (A") 


Remarks. 


4 344 -S'- 

23,009-6 


43387 

4336-Q* j 

23.051-5 




23,210 


-1295 


23.275 



/ligiS-8* 

23,800-6 



4174 * 

4 X 49 - 6 * 

23.95T 

24 ,092 

Tlie group consists of 
very feeble lines observed 
only with a thicker n ystal. 


4077-7* 

24,517 



4071-7* 

24.553 



4038 ■6* 

24,754 




24.872 



4003 * 

24.973-6 


35747 

3619-5* 

3610*^ 

35777 

3570 

27,620 

27,693 

27,943 

1 28,003 

Many faint components are 
added as wings to the main 
group. The lines arc 

sharp and fairly iiilc-nse ; 
diffuse bands arc resolved 
into sharp components. 

3.561-5 

3562-9 

28,058-6 



3538-2 

28.255 



.3538-8 

28,330 


3516 

.3.522-4 

28,382 



3493-4 

28,617 


3484 

3 ^ 1 88 '2 

28,660 



.3471-6 

28,797 



3467-5* 

28,831 



34.54-4* 

28,940 



3444-9* 

29,020 



3423 ’I* 

29.214 



3405-8* 

29,353 



140 P. C. Mukherji 

Tabi.e IV. 

Absorption lines in the ultra-violet region with a crystal of thickness = 3111111. 



R.T. 

o/r. 

Remarks. 






A(A’) 

A(A') 



(i) 


! 

3335-1 ; 

29.975 

The lines are weak. The 



change with cooling is as 



3326-9 

30.049-4 

nsual. 


331^-7 

3317-3 

30,136-4 




3306-/) 

30,236 




3300- 

30,294 

/ 



32fX)-4 

30,382*7 



3283-6 

3281-9 

30,461*4 



3259 

3 262 ’4 

30,644 

\ 



3249-8 

30,762 

\ 



3242 

30,837 


(«) 

3050'3 

3051-7 

32.759 




3043-9 

32.843 



3 f’ 40'5 

3039 

32,896 

0 


3016-3 

3(116-4 

33 ii 43 




3007*6 

33.24f> 



3000 •::? 

3002*6 

33,293 




2998-5 

33 . 3 ^f^ 


iUi) 


2934-1 

34.072*5 




2927-3 

34.1517 

I 

1 


2g2T-4 

2 g 22'7 

34,204-7 




2918. g 

34,249-5 




2 QT 2 -T 

34 . 33 ^^ 


iv) 


2624-7 

38,087*7 

Sharp, crjui distant lines. A 




O.T. one sharp eompf 


2613 -g 

2614-3 

38,240 

iient arises at the centre. 


26og 

2610*3 

38,29.8 



4 

k 2606 

38,361 



260 T 

2601*7 

38,424-5 




2598 

38.479-7 

i 




) 

. 
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Table TV (con id,). 



R.T. 

0. 

T 







Reniakrs. 


A.(X) 

A. (A) 

»'(ein b 


(v) 

23 rq 

2319-2 

39,683 

Very weak lines, i^rowint^ 





sharper with ef)()linj^. 

1 

2513 -2 

^5M'7 

39,77<^’ 


1 

2509 

23o()-6 

39,f^33 


ivi) 


2369-2 

^2,i93vi 

T''xl reii u*l weak — i >1 iserved 





Diilv at 0. T. 



234cr2 

^ 1^.55 r 6 
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CONSTITUTION OF WATER IN SOLUTIONS OF 
STRONG ELECTROLYTES *—11. 

By 

C. SAMBASIVA RAO, M.A.. D.Sc., 

Andhra University, Waltair. 

ABSTRACT. In continuation of Ihc earlier work of the author, Die following substances 
have been investigated with a view to determine their influence on the constitution of water in 
their aqueous solutions; LiNOg, IviCl, CaLl2, CaBr^, NaN02, NaClOa, NaCl04 and 1IC1()4. ^J'lie 
following are some of the main results observed : 

(i) The Raman water-band in solutions is invariably sharper than in the pure solvent and 
is shifted, in general, to higher frefiucncy. 

(/i) At the same concentration of the salt solutions, there is a progressive shift in the band 
to higher frequency from CaCl2 to CaBi2 and IviNO^ to NaN02, tlial in the case of the last 
named being the greatest. 

(Hi) The close similarity between the bauds at the same water content observed with the 
acid solutioiiB before is not so obvious with the salts. 

(iv) The water-band in TICIO4 is particularly sharp and shifted most to higlier frequency, 
U'hile among the sodium salts studied, llie band for NaClO^ is the least sharp. 

(u) The chlorides behave differently from the bromides. 

(vi) The position of the intensity maximum of the water-band in solutions is eliaracterislie 
of the anion and independent of the nature of the cation. 

The above results are discussed in detail on the basis of a change in water equilibrium 
and of ionic hydration and explanations arrived at. In particular, it has been shouTi that 
eliangc in water equilibrium is primarily brought about by tlie anion, while Lbanges in the 
structure of the band due to hydration are mainly due to the cation. 

T . J N T R O J) U C T ION. 

In a previous communication/ the author has published the lesultsofa 
detailed study by mcaus of the Raman effect of the mlluence of a number of 
strong electrolytes — both acids and salts on tlie constitution of vvatci, v\hen they 
arc dissolved in it. Therein, it lias been found that the influence of the dissolved 
electrolyte is to invariably sharpen the Raman baud foi uatci and shift it in most 
cases towards higher frequency. Further, the diffeiences noticed in the stiuctiue 
ol the band in the solutions of diSerent substances when studied at the santc 
concentration tended to disappear when the water content in them was cqna ize 
The results obtained were discussed at lentil, on the basis of the two possible 

» Cottimiiiiicated by the Indian Physical Society. 
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caiistvS of the change in the distribution of intensity along the Raman water-band, 
namely, a change in the water equilibrium between the i)roportions of the single 
(H20 )i, double (1120)2 and triple (1120);^ molecules assumed to exist in water, 
and ionic hydration of the molecules of the dissolved substance. 

In the above study il has been noticed tliat the behaviour of substances 
containing the chloride ion — hydrochloric acid and lithium chloride were the only 
substances that could be then examined — was peculiar from that of the others, 
and it was, therefore, felt desirable to see whether chlorides alone or halides as a 
class behave in this manner by studying some more substances of this kind. 
I'urtlicr, in order to generalij^e the conclusions arrived at before regarding the 
behaviour of strong electrolytes in their aqueous solutions, some more substances 
of this category have now been investigated. 

/ 

Magat,^ in a recent jiaper, studied the influence of certain .strong electrolytes, 
namely some chlorides and nitrates of divalent and tetravalent elements, on the 
structure of the Raman water-band and found that the 32000111"’ component is, 
in general, weakened as compared with the second component at 3400 emy , that 
its displacement primarily depends on the nature of the anion, the \cation 
exercising little influence, and that it was small for chlorides and large for nitrates. 
The author is interested more with a satisfactory interpretation of the results 
obtained than with a mere enumeration of them, and has, in addition to chlorides 
and nitrates, studied other typical electrolytes under higher concentrations, the 
results obtained with which are described in tbe succeeding pages of this 
communication. # 


2 . E X P B R I M R N T A Iv . 

The experimental arrangement employed in the present investigations was, 
in most cases, that described in an earlier paper. ^ vSometinies, a number of 
lillcring solutions had to be tried before a spectrum could be obtained without 
any continuous background, which was often so great in the unfiltered incident 
radiation as to make it almost impossible to ol:)tain any reliable results. In this, 
as also ill the previous study on this subject, the water-band excited by the 
3650-63A group of meremy lines was employed for reasons explained in Part 1 of 
this investigation. Further, the study was confined to those substances which 
dissolve to high concentrations — 8N and above — as it was only then that 
unambiguous results as to the influence of the dissolved substance on the 
constitution of the solvent could be obtained. And, as very few substances 
dissolve to such high concentrations, the choice has to be limited only to those 
which are very highly soluble. Of these again, those substances which photo- 
chemically dissociate on exposure to the ultra-violet radiation from the mercury 
arc, c,g., potassium iodide, and those which are naturally deeply coloured, c.g-, 
hydrobromic acid, had to be left out for obvious reasons. 
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3 . RESULTS. 

Figure i gives the intensity curves of the Raman walcr-Iiand excited by the 
3650A. group in solutions of the two salts, lithium chloride and nitrate, when 
studied at the same concentration, vie., 8N. The curve for the band in jmre 
water is also given for purposes of mutual comparison. The distribution of 
intensity along the water-band in the two solutions and pure water is given in 
table I below. 



Figuek 1 

Iiilen.sity curve.s for the Ranian-water-baiKl ni soluliciii.s of J,i Nfh and Li CJ nt the 
same concentration (8N) and in pine water. 

; Li NO3, 8N - ■ - • - • - ; LiCl, 8N 


HjO- 
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Table 1. 


Tiilcnsity distribution along the water-band in 


1. Pure* water. 

2. LiNOa, 8N. 

3. LiCl, 8N. 

4. LiCl. 

4-2N. 

in rni~i. 

Intensity. 

in nil h 

Intensity. 

5 i/ in cm ^ . 

Intensity, 

5 i/ in cm'i. 

Intensity. 

3013 

0 ’ 2 O 

3122 

1-27 

3051 

1-03 

3019 

0- 50 

3063 

072 

3 Tf )4 

2-99 

3110 

2 *T 2 

3093 

1-69 

3157 

6-13 

327^ 

6-29 

317s 

4-12 1 

1 

3172 

/ 

J -32 

3233 

9-89 

3356 

11*99 

3253 

7'^5 ! 

i 1, 

6-64 

3300 

13‘23 

3420 

17-36 

333 J 

14 -o; 

3291 ' 

1 9-35 

336''' 

18-20 

3469 

20*00 

34 o<' 

19-47 

3360 

\ i 6 - 5 (> 

\ 

3403 

jg -87 

35 M 

1773 

34 -'!y 

20-02 

3412 

20- 00 

343.S 

20'00 

3579 

10*98 

3413 

ig-io 

3455 

18*32 

3503 

14*62 

3620 

7*28 

349 ^ 

16-30 

3496 

14-19 

35 f ’8 

7-87 

3 086 

4 *61 

3 .S 43 

11-56 

5554 

7‘29 

3627 

5*28 

3744 

1*18 


3 ‘92 

5626 

2-90 

368y 

o-,S 3 



3698 

0-82 

, 5670 

1-42 

3731 

0*23 




... 

3717 

0*55 


The follovviiift results arc noticeable from an cxaiiiiiiation of the above 
intensity curves ; — 

(?) Although the curves for the two solutions arc equally broad, they arc 
relatively shifted with respect to one another, the curve for LiNO;^ l)cing shifted 
as a whole to the side of higher frequency as compared with the curves for 
lithium chloride and pure water. 

(ii) As compared with the curve for i;)ure water, the lower frequency 
portions of the two intensity curves for the salt solutions arc concave in their 
shape, while the higher frequency branch of the curve for lithium nitrate is 
slightly convex in shape, the corresponding portion of the curve for lithium 
chloride being concave. 

ini) Although^the positions of the maxima of the band in pure water and 
in lithium chloride solution are more or less in the same i)osition, the lower 
frequency branch of the intensity curve for the latter is shifted to higher frequency 
as compared with that for the former and is decidedly concave in its form. 
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(id) The h&uds foi the solutions arc sharper than that in the pure solvent~~a 
general result noticed in the previous investigations. 

The above results aie largely similar to those observed with hydrochloric 
and nitric; acids at the same concentration studied in I’art I. 



Figure 2 

Intensity curves for the RaiuAn water-band in solution of t/i NO3 and I^iCl with 

the same water content. 

HjO ; IviNOa, 8N- • - • - ■ - • - ; LiCl, /\'2'N 

In figure 2 are given the intensity curves of the Raman water -band in 
solutions of lithium chloride and lithium nitrate having the same watci content 
in any definite volume, together with the curve for pure water. The concentra- 
tions of LiNO;^ and lyiCl arc respectively 8N and 4’2N, The distribution of 
intensity along the bands is given in table I above. As compared with the curves 
hi figure I at the same concentration of the solutions, the relative shift between 
the curves i$ less in this case, although still considerable, and, further, the lower 
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frequency branch of the curve for lithium chloride solution has developed a slight 
convexity at the smaller concentration. The same result is quite obvious from 
figure 3, in which the intensity curves for lithium chloride at the tAvo different 
concentrations are reproduced together with the curve for pure water. 
(.)ne more interesting result that is observed from this figure is that the band at 
the lower concentration is slightly narrower than the one at the higher — an 
anomalous result observed before (Part I) in the case of hydrochloric acid. 

Ill figure 4 are given the intensity curves for the four acids, hydrochloric, 
sulphuric, nitric and perchloric, — all at the same concentration, 8N- The values 
for the distribution of intensity along the band in the first three cases are taken 
from Part I and for the last is contained in table IT. 



P'lGURE 3 

Inten.sily curves for the Raman water-band in solutions of biCl at two different 

concentrations . 

HjO ; I,iCl,;)-3N- 


I/i Cl, SN' 



Intensih^ 
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Ay ID cm ^ 


Figure a 

Intensity curves for the* Raman walcr-baiul in solutions of acid a at the same 

com'cntratioii (.SN). 

H.p ; I-ICIO4, 8N- - TIC], 8N- ■ - ■ ; 

HNOj, HN n^SO^, XN 


JO 
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Table II. 


Intensity distrilralion along- the \vat(?r-l)and in 


1. llClo 

1, .SN. 

2. NiiCIO^, ()3N 

j 3. KaCKq. 

1 

4. NaN():i SN 

ill iTH ‘ , 

1 

Tiiltiisily. 

Sr in 0111 ‘ 

liilcnsily 

Sr in nn ' . 

Inlonsity 

Sr in oni ' . 

Intensity 

.08.1 I 

"■.S 4 



3139 

0-38 


cj‘28 

.1352 

I '()[) 


/I'Ol 

3011 

i' 3 t> 


^■‘15 


2'iS6 

3272 

5 f'; 

3274 


3*^'97 , 

^‘02 


O’T-: 


7 ' 8'1 

33 i-M 

3 89 

3381-' 1| 


.L 17 ' 


3351 

JO'IO 

33S J 

7*37 

.1458 \ 

/ 9'78 

,<517 

17‘y- 



3448 

' 3 '83 

3492 

\ iju'oo 

;gs 5 J 

2 tl‘uO 


j8-S8 

3488 

‘ 8‘57 

3529 

\ i8-.i6 

.1598 

i6’jq 

3573 


3323 

:’o‘o() 

3521 

9'54 


8'6() 

3(11 I 

>,S’ 3 f> 

3594 

^ 7 ' 9 A 

3944 

^59 

. 3 f '97 


3648 



9'33 

3728 

o‘ 7‘1 



3696 

,V 24 

3'>92 

^’■18 

... 

- 



37 .y> 

1 '68 

3758 





In addition to the resnlts noticed in the case of the first three acids as 
mentioned in Part I, one remarkable resnlt observed in the case of perchloric acid 
here is that the -water-band fur tlie latter is extremely sharp — in fact the sharpest 
for all the strong electrolytes so far studied — and is shifted to a very consider- 
able degree to the side of higher frequency, the shift being greater than in the 
case of any other substance studied. 

Figure 5 gives the intensity curves of the water-band solutions of sodium 
nitrite, lithium nitrate, calcium chloride and bromide, all of them having been 
studied at the same concentration, viz., SN. The curve for ])ure water also 
is reproduced for i)urposcs of comi)arison. The distribution of intonsity 
along tlie band in the several cases is contained in tables I and III. 



luteni 
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Table III. 


Intensity distribution along the Raman water-band in 


I. NaNOa, 8N , 

=. CaClj, 8N , 

3. CaBrj, 

8N. 

Bv in rm \ 

Intensity. 

5i/ in cm ^ 

Intensity. 

in em'^ 

Intensity, 

3134 

o'6o 

3069 

I’20 

3T15 

o' 22 

3202 

2 10 

3137 

2-85 

31 86 

o' 98 

3374 

5'36 

3201 

4’6.S 

3348 

2*25 

3333 

8-33 

3251 

j 7‘36 

3293 

j 3 '64 

3402 

14-49 

3315 

9 '00 
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The curves for the other salts studied iii the present investigation (t/;:., 
sodium chlorate and i)erchlorate) are not given in this figure, as the highest 
concentration at which they are available is less than SN. From an examination 
of the intensity curves in figure 5, the following results arc obtained : — 

(7) As compared with the band for pure water, there is a progressive sliift 
in the position as well as the maximum of the band towards Ihgher frequency 
as we pass from calcium chloride to calcium bromide and lithium nitrate to 
sodium nitrite, the shift in the case of the latter being the greatest. 

(a) There is a pronounced convexity in shape in the lower frequency 
branch of the intensity curve for calcium chloride and in the higher frequency 
branch for lithium nitrate. 

{Hi) The band for calcium bromide appears to be the sharpest. 

Figure 6 contains the intensity curves of the water-band in solutions of 
sodium nitrate, chlorate, and ]:>erchloratc with the same water content in any 
given volume, their respective concentrations being 8N, 7'iN and 6’3N. The 
intensity distribution along the band in the three solutions and pure water is 
given in tables I and II. It is seen from the figure that the bands are shifted 
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A*' in curl 

Fkutre 6 

liitcn.sily curves lur llic Raruaii water-bands iji sdliiliDiis of sails wiLli the same* 

water coJitcnt, 

HgO ; NaClOi, 6-^N . . 

NaClOa, 7-iN ; Na NO3, 8N 

towards higher frequency as coiiij^arcd with that for pure water and relative to 
each other, the shift increUvSin.q from nitrate to chlorate and from chlorate to 
perchlorate. Further, the water-band for sodium nitrate is the sharpest and 
that for the perchlorate broader than the rest. 

In figure 7 are given the intensity curves of the water-band in pure water 
and in solutions of hydrochloric acid, lithimii chloride, calcium chloride and 
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A»' iu (.'nr' 

I'lGURK 7 

Tutcnsity I'urvc.s for llic Raman watev-bamls in .solutions ot halides at the saim- 

eoiieentratiou (8N), 

I-IjO ; HCl, 8N ; I-,iCl, SN - • - ■ - • - • 

CaCl,, SN : CaBrj, 8N- - 

broiiiitlc nt the same concciitiatiou, viz., 8N. This study is undertaken with a 
view to see whether there is any close similarity in the behaviour of all the 
halides as a class — a point raised in Part I of these investigations from tlie 
anomalous behaviour of hydrochloric acid, and to study the respective influence 
of the positive and ni;gativc ions on the constitution of the solvent. It is at 
once seen from the figure that the curves for all the solutions containing the 
chloride ion are more or less very similar, their maxima of intensity occurring 
nearly in the same position for all. There are, however, certain minor diflerences 
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ill ttie sharpness of the curves. The solution of calcium bromide, on the 
other hand, behaves differently from the rest in that its water-band is far sharper 
and is shifted considerably towards hialier frequency as compared with the 
others, thus exhibiting a clear difference again in behaviour among the lialides 
themselves. Of the chlorides, the curve for calcium chloride solution shows a 
deci.sive convexity in shape in its lower frequency branch, while the others 
are concave. 



Figure S 

J 

Intensity curves for the Raman water-band in solutions rontaining tlie same an on 

(N(V) rliffercnt cations. 

; NaNOi, 8N ; hi NO;,,RN 

I-INO3, 8N - 
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A y in cin“i 
Figure g 

Inten.sily rurves of the* Raman water-band in solution containing 
the same anion (CIO4 ), but different cations. 

IIjO ; HClGi, 8N - ■ - • - • - ’ - ' ; NaC104, 6-3N - 

Finally, in figures 8 and g arc given the intensity curves of the water-l^and in 
solutions containing the nitrate ion (HNC);;, NaN()3 and LiNf)^) and those 
containing the perchlorate ion (HCK ).i and Na CIO 4) with a view to obtain greater 
evidence as to the behaviour of the anion and the cation. 

It is seen that, except for minor differences in the sharpness of the bands, 
they are similar, their maxima of intensity occurring in about the same position 
in each figure. This indicates that the behaviour of the water-band in these 
solutions is characteristic of the nature of the anion and is almost independent 
of the cation. 
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Table IV contains tlie positions of the intensity inaxinunn of the water-band 
in the several solutions studied above. 

Tabi.u IV 


Solution. 


Coiiceiitralioji 


Posilion of intensity 
inaxinunn of walLT-band. 


Water 

LiNOa 

NaNOa 

HNOa 

TTCl 

IviCl 

CnCla 

CaEr2 

LiCl 

irciOi 

NaClOj 

NaClOy 

NaNOa 

II2SO4 


SN 

8N 

SN 

8 N 

SN 

8 N 

81SI 

SN 
o 3 N 
7 ‘tN 
SN 
8 N 


3424 cm ^ 
347-1 M 

3474 n 

3425 M 

34-\S „ 

343t> 

34 7f’ n 
342^> „ 

3550 M 
3S5» M 

3323 >, 

,, 

344f> „ 


S U M M A R Y O V R 1C S U h T S. 

The main results noticed above may be bricHy summari/xd as follows: — 

(1) Tlic Raman water-band in solutions of clcclorytes is invariably sharper 
than that in pure water — a general result observed in Tart I. 

(2) b.xcept in the case of perchloi'ic acid and sodium perchlorate, there is an 
intensification of the central component of the band corresponding to double water 
molecules at the expense of the other two. Tn the case of PTCIO^ and NaCK )^, 
however, the third coniponeiit with the higher frctiuency shift corresponding to 
single molecules api)ears to predommate. 

(3) At the same concentration, the intensity curve for lyiNO.^ is relatively 
shifted to higher frequency as compared with that for IviCl, the lower frequency 
branches of both the intensity curves being definitely concave in shape as com- 
pared with that for pure water which is convex. TJie higher frequency 

n 



158 


C. Sambasiva Rao 


branch of IyiN(.)3 is, however, slightly convex, while that for LiCl is 
concave. 

(4) The water-band in solutions of lithium chloi'ide is slightly narrower at tlie 
lower concentration than at the higher — an anomalous result formerly noticed in 
the case of hydrochloric acid. 

(5) In the case of the salts at the same concentration, there is a progressive 
shift towards higher frequency as we pass from calcium chloride to calcium 
bromide and lithium nitrate to sodium nitrite, the shift in the case of the last being 
the greatest. 

(6) ( )f the salts, the water-band in the case of calcium bromide appears to be 
the sharpest. 

{7) There is a pronounced convexity in the shape of the intensity curve for 
calcium chloride on the side of lower frequency and towards higher freqficncy for 
lithium nitrate. \ 

(8) The observed similarity in and blending together of the intensity curves 
of the water-band in solutions of the acids as described in Part I are not so obvious 
with the salts hereiiT studied, considerable differences between the bands i)>frsisting 
even wdth the same w'ater content. 

(9) The behaviour of halides as a class is not similar, the chlorides behaving 
differently from the bromides. 

(10) Of the sodium salts studied, the water-band in the case of the perchlorate 
appears to be the broadest. 

(n) The position of the intensity maximum of the water-band is independent 
of the nature of the cation, but is characteristic of the anion. 


4, D I vS C U vS S I O N. 

The resvtlts obtained in the present investigation, which is a continuation of 
the work published earlier in Part I, seem to be capable of a satisfactory inter- 
pretation on the same lines as before, namely, as the cumulative effect of a change 
m water equilibrium between the proportions of the single (HaO), double (H2(l)2 
and triple (H2O);) molecules, and of the hydration of the ions of the molecules of 
the dissolved substance. 

Whereas the former work was primarily coiiceriied with a study under differ- 
ent C(mditions of the influence of the three mineral acids, besides a few salts, on 
the constitution of water, the pre.sent one is mostly concerned with a study of 
some of the typical salts with regard to the same aspect of the problem. P'rom a 
comparison of the fesults obtained in the two investigations, it is apparent that 
there are both points of si.milarity and dissimilarity between the acids and the salts 
with regard to their behaviour in aqueous solutions on the constitution of the 
solvent, The fact that the water-bgnd in solutions is invariably sharper than that 
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in the pui-c liquid and that the central component due to the doulrle molecules is 
intensified shows that there is no dilTerence between acids and salts in this res- 
pect— all of them, in general, tending to increase the proportion of double mole- 
cules at the expense of the other two types, the extent to which they do, of course, 
varying for different substances of the same major group. In fact, in this parti- 
cular aspect of sharpening the water-band in solutions, all substances — whether 
strong, weak or non-electrolytes seem to behave in a similar manner, as could be 
gathered from the previous work of the author on the other classes of substances 
also. 

From the similarity between the results obtained with addition of electrolytes 
to water and with change of temperature of the pure liquid, it was concluded in 
Part 1 before that the explanation of the former phenomena should, at least in 
part, be based upon the same lines as that jmt forward to explain the latter. 
And the latter was explained by Ramakrishna Rao^* on the basis of the existence 
of three different types of molecules, namely (HoOjj, (IIoOlu, 

the proportions of which vary with change of temperature. 'Jdiat such an ex- 

|)lauation of the changes in the structure of the water-l)and in solutions on the 

Ixisis of a change in water equilibrium is in a large measure true is also 

supported by the theoretical work of Bernal and Fowler' who arrived 

at a similar conclusion by a different line of attack of the problem from 
considerations of the viscosity of ionic solutions. They put forward the hypo- 
thesis of structural temperature in solutions, which they define as that 
temperature at which pure water would effectively have the same inner 
structure. They thus find that in all cases the effect of dissolved ions 
is to increase the structural temperature of water, which in terms of the author s 
interpretation means a shift ill the band towards higher frequency, and this is 
exactly the experimental result observed in most cases. Fuithei, the above 
authors find that the effect is much smaller for the chlorides with small ions, 
IF , Ri' , Mg^ than for those with large ions, and this result is again in i)erfect 
agreement with that of the author, who finds that the shift in the intensity maxi- 
mum of the band is least in solutions of HCl and Rikl, the position of tlie maxi- 
timin almost coinciding with that in pure water, while for the chloride with the 
larger ion, Ca"R there is a small but clear shift, although not as much as for the 
other salts. The above result with the chlorides also agrees with the observations 

of Magat in the papei' referred to before. 

From a detailed study of the changes in the structure of the Raman [)and in 
pure water at different temperatures and in different states Ramakrishna Rao® 
allocated the three components of the band with intensity maxima at 3^17 cm . 
3433 cm- ^ , and 3582 cm" ' , to the three types of molecules (II aO) . (H^Oja and 
(llsO),. respectively. On this hypothesis, the large intensity of the central 
component together with the diminution in intensity of the othei two compo- 
nents of the band signifies that the proportion of the double or the so-called 
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' water ' molecules is much more than that of the other two types. This 
interpretation is also supported by the observation of Raiiiakrishna Rao 
that dihydrol (H 20 ) 2 , is decidedly more stable in the liquid state as evi- 
denced from its greater preponderance over the other two types in this 
state. Addition of electrolytes seems 1o contribute to enhance the instability 
of the latter types. 

That the change in water equilibrium is not the only cause of the observed 
changes in the structure of the Raman water-band in electrolytic solutions and 
that hydration of the ions plays an important ])art as well has been shown in 
Part I. From considerations of the Raman effect of water of crytallization, that 
due to water of hydration has been deduced by the author in a former publica- 
tion;'^ and that such an interpretation was correct is also supported ly Bernal 
and Fowler in their paper referred to above, who arrive at the same resijilt as to 
the close similarity between water of crystallization and water of hydration by a 
different line of theoretical reasoning based on the determination of ionic hydra- 
tion as governed by Goldschmidt's co-ordination number. Now, the extent to 
which an ion can gather round it molecules of water of hydration ilepends 
primarily on its polarising power, that is, the ratio of its charge to its radius. 
Tluis, large monovalent ions will have little effect, while small and highly 
chai'ged ions will have the greatest. Bernal and h'^owler infer from potential 
energy considerations that for univalent ions of radius greater than i-6-A, no 
hydration can occur, while for all mono-atomic polyvalent ions hydration will 
always take place. Thus, the small ions, Li"", Na'^ Mg'"*, F"', should be 
largely hydrated, while the larger ions like Rb^, Cs'^, Cl“, Br", I", should be 
least affected by water of hydration, and this is amply borne out by a lot of ex- 
periinciilal evidence, hh’om considerations of apparent ionic volumes and the 
densities of ionic solutions at great dilutions, the above authors conclude that all 
positive ions, except Rb^, Cs"*, and NH4, are hydrated, while all negative ions 
except ( )I1', and F”, are not. 

This conclusion, viz., that the cations are mainly responsible for the hydration 
effects, while the anions arc for changes in the water equilibrium, is also 
supported from considerations of the electronic theory of valency.^® nf 
the H and (.) atoms of tbe water molecule, oxygen has greater co-ordinating 
power and is a better donor of electrons than hydrogen is an acceptor, 
and the presence of a positive charge on an ion (i.c., a cation) facilitates 
easy co-ordination between the ion and the water molecule. 

Further, a few pages later, Sidgwick gives arguments from otlier evidences 
to show that, in hydrates, water molecules probably exist in pairs, thus furthei 
supporting the conclusion from Raman spectra that the enhancement of the 
central component of the band is due to increase in the number of double 
molecules in almost all solutions. 
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Ihom experiments based on the transport of ions in aqueous solutions ' * the 
following figures were found for the relative hydrations of ions on tlie assumption 

thatthenumber of molecules of water of hydration for H ' is i: K‘, s: Na"" 8- 

I,i^ I 4 :C 1 -, 4 Applying vStokes’ law to the mobilities of ions ill solutions 
the following values are found for the relative hydrations of ions at infinite 
dilution: o; OH". lo; K\ Cl" Br", V .m; NO,, 25; Ag * , CK 

35; Na^, 70; L,i\ 150. From the above data, it is clear that the IF ion is the 
least hydrated of the smaller ions and Ifi" the most. In the ease of the IF ion, 
its abnormally high mobility must also be attrilmted, at least in part, to its low 
hydration. 

hioni the foiegoiug considerations, it is now eas}^ lo cx[)lain the results 
herein obtained with regard lo the changes in the structure of llic water-l)and 
in aqueous electrolytic solutions. In the case of the acids studied in Part 1 , it 
was found that, at the same water content, the intensity curves of the water-band 
in the difTcreiit solutions became very similar in shape and position, the 
differences noticed at the same concentiation of the solutions having 
disappeared to a very appreciable degree. This was taken as strong evidence 
in favour of the view expressed that the change in water equilibrium 
is the main factor contributing to the observed rcsulls in these solutions. 
In the case of tlie salts, however, both in the i)rcseut investigation as 
well as in the previous one, considerable diflcreiices ])ersisted even when 
the water content in them was equalized. These ])henomena are easily 
intelligible when one considers the fact that, in the case of the ac'ids, the 
hydrated 11'^ ion is common to all of them, while the negative ion is 
generally hydrated to a negligible degree or not at all. Thus, the deciding factor 
in this case is the change in water equilibrium, and when the water content is 
equalized it is but natural that the w'ater-l)and in tlie several acid solutions should 
be largely similar. In the case of the salts, however, the anions as well as the 
cations are different and almost all the positive ions studied (Li ' , Na' , Ca ‘ ^ ) arc 


largely hydrated to different degrees, the hydration in the case of Li' being 
highest. Thus in these cases, in addition to change in water equilihrium, hydra- 
lion of the ions plays an equally imi)ortaiit role, and, as it is widely different 
for the different ions, it is no wxmder that eonsideralde differences 
in the structure of the water-baud persist even ^vhen the water content is 
equalized. 

The result, that the intensity curves for lithum chloride and nitrate at the 
Same concentration (Pig. i) arc equally broad is thus due to the laigc hydialiiig 
power of the common cation, Li^, wdiile the relative shift to highei fiequcncy 
of the curve for lithium nitrate, together with the slight Ijiit definite convexity in 
the shape of the higher frequency branch of the intensity curve coimotcs that the 
proportion of triple molecules is considerably less and that of llie single gicatei 
than in the chloride solution at the same concentration. As compared with pure 



162 


C. Sambasiva Rao 


water, however, the proportion of the trii)le jiiolcculcs is far le^ss in botli the 
solutions, as can be deduced from the decidedly concave shape and shift towards 
increasing frccinency of the lower frequency In'anch of their intensity curves, 
'riie deve]oi)nieiit of a slight convexity in the shape of the lower frequency branch 
of the intensity curve for lithium cliloride at the lower concentration (4-2N) avS 
compared with tliat at the higher signifies that at the greater dilution there is an 
increase in the projiortion of the triple molecules together with the formation of the 
more comi:)lcx hydrates, the component of the band corresponding to which is 
formed in the region of lower frequency.^ 

The extreme sharpness of the band for perchloric acid as compared with the 
other acids and its very large shift towards higher frequency indicates that the 
proportion of single molecules in this case is far larger than in the case of any 
other substance so far studied^ — in fact, they seem to be greater than the ])ropor- 
tion of even double molecules, the proportion of the more complex tiiple type 
being negligible. Further, the remarkable sharpness of the band in tliis\ case is 
to be attributed to the almost negligible amount of hydration in this '^case as 
compared with the other acids and sodium i)erchlorate, the last of which, al'thougli 
containing the same anion (CIO^)! gives rise to a broader band with the same 
l)osition of the intensity maximum on account of the greater hydrating power of 
the Na^ ion. 

In the case of the salt solutions studied at the same concentration (Fig. 5), 
the progressive shift to higher frequency as we pass from calcium chloride to 
bromide and lithium nitrate to sodium nitrite indicates a deerjiasing proportion 
of the more complex types of water molecules and hydrates in the above order, 
while the proportion of the triple molecules is less in all of them than in pure 
w ater, as can be seen from the diminished intensity and shift to increasing 
frequency of the lower frequency branch of their intensity curves. The develop- 
ment of a certain amount of convexity in the lower frequency portion of the 
intensity curve for calcium chloride perhaps denotes the presence to a larger 
degree of the more complex hydrates with three and more molecules of water of 
hydration. 

The fact that the water-band in the solution of sodium perchlorate is broader 
than that in any of the other sodium salts studied indicates that the proportion of 
hydrates formed in this case is greater — an inference also supported by the 
well known fact that it crystallizes with water of crystallisation whereas the others 
do not. 

Figures 7, S, and y show clearly the influence of the anion and the cation on 
the structure of the water-band. In each figure, the maximum of intensity of 
the water-band falls In the same position, within the limits of experimental error, 
for all the solutions studied under each head, while the sharpness of the bands 
themselves is different for each of the solutions. From what has been discussed 
in the foregoing pages, the obvious explanation of these results is the following : 
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Tlie position of tlie intensity inaximuin is characteristic of the negative ion or the 
so called anion and is independent of the nature of the cation. From the facts 
known from other evidences that the negative ions are, with the exception of 
OH” and F”, generally hydrated to a negligible degree, and from the above 
results from Raman spectra, it appears that change in water equilibrium is 
primarily a function of the anion. On the other hand, the widely divergent 
sharpness of the intensity curves in each of the above figures for solutions w'ith 
the same anion, but diffcreiit cations, suggests that those differences arise out of 
the different hydrating powers of the several cations, which are generally hydrated 
to a more or less appreciable degree. Thus, while changes due to w'ater e(|ui- 
librium are to be attributed to the negative ions (anions), changes in the structure 
of the water-band due to water of hydration are to be ascribed in the main to 
positive ions (cations). 

In conclusion, the author desires to record his grateful thanks to Dr. 1- 
Ramakrishna Rao for his stimulating interest and advice during the jirogress of 
the above investigation. 
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GROUP VELOCITY CURVES FOR RADIO-WAVE PROPA- 
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ABSTRACT. Group velocity curves have been drawn for several diKcrcut freqiuTici(\s 

for radio w’ave propagation in the Ionosphere at Allahabad, sliowing bow the velocity varies ns 

the \vavcs enter regions having greater and gi*eatcr electron density. The effect of collisional 

friction has not been taken into account, Curves have l)een diawn for frequencies p> v , p < 

h I 

p < p^ , < p < pj , p < p^ , w'e have in this ease p.^,<p^ . The boundai-y curves between 

various classes have also been illustrated. The curves show that the number of points at 
w hich gi'Oiip velocity becomes zero is larger than the points where refractive index becomes zero 
and thus they show that there is one more possible condition of reflection over and above the 
usually accepted ones. The reflections corresponding to the new condition in tlie case of short 
w aves have been obtained in this laboratory. 


T. introduction. 

The magneto-ionic theory developed by Brcit, Appleton, Ilartrce, Goldesteiii 
and others has firmly established the fact that the magnetic field of the earth plays 
an important part in the i)ropagation of electromagnetic waves through the 
ionosphere. Several investigators have drawn dispersion, absorption, and polari- 
sation curves for the propagation of radio waves in the ionosphere. But it does not 
appear that the above-mentioned works have given an exhaustive account of all 
the phenomena connected with the propagation of the waves through the iono- 
sphere. Recently R. N. Rai, ^ working in this laboratory obtained a new condi- 
tion of reflection, proceeding on the supposition that radio waves aie leflected only 
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when their group velocity becomes zero. The same result has also been obtained 
by one ^ of us from altogether different considerations. 'I'he new condition is 


P ^ = P 


^2 _ P, 2 
2 P 


.a - 


(i) 




'I'his condition of reilection \A'as first experimentally observed by Messrs. Pant and 
Hajjjai and has also been subsequently verified. It has been pointed to us by 
Prof. M. N. vSaha that this condition was also obtained by Ooubaii ^ in his dis- 
cussion on the group velocity of the e. m. waves. But he does not appear to have 
contemplated the jiOvSsibility of its actual existence. In fact in high latitudes, 
where Pl approaches phy this ray is scarcely distinguishable from the ordinary ray 
corresponding to the condition po'^ = p^- 

As the group velocity appears to play a very important part in the propaga- 
tion of radio waves, it appears to us that graphical curves showing\ the value of 
group velocity for different wave lengths and electron concentrationsWould vServe 
a very useful purpose. The formula for group velocity according to Kai is 

C 


{..2 - I - A + a^[(a>- > ) '"-A + 


[«.2-l-A + ^][(...--M“-A + 6] + (a,- ^2+ A i 


I ) 




2^ 


where w = 


£! 

Po'^ 


2P.: 


B = f-; 

Po^ 


i = ± 




I M2H4.A /,a - i, - c 

(<!)“' ) J3 + A » Po ~ I /’rj. “ 

HI m }}tc 


Ut,!. = Horizontal and vertical components of the earth’s magnetic field. 

c = Charge on the electron. 
m = Mass of the electron. 
c = Velocity of light in vacuum. 
p — •Pulsatance of the wave. 

U = Ciroup velocity of the wave. 
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As ^ is a two valued function, tlie above formula shows that for any one set 
of the values of N, p, h-r, h,. there are two values of the group velocity U. Hence 
there are in general two basic modes of ]tropagatiou of c. m. waves of pulsatauce 
p'ma medium of constant electron density under the influence of a given magnetic 
field. The two modes are distinguished by the two vahies of R, the ratio of group 
velocity TJ to the velocity of light c in vacuum. R, will denote the mode 
corresponding to the value of R given by the positive sign, i.e., to ordinary ray, 
while R2 will denote that corresponding to the value given by the negative sign, 
i.e., to extraordinary ray. 

The physical quantities which define the medium under consideration are 
the electron density N, the transver.se and longitudinal components of the earth ’s 
magnetic field hi and /o, respectively and the colli.sional friction which, of course 
we are for the present neglecting. As the formula is applicable only to normally 
incident wave.s, 1»T and /)l become fixed for a i)arlicular jdace. The only remain- 
ing variables therefore are N and />. The general curves will be a surface (R, N, 
p) from which we can obtain three sets of curves (R, N), (N, />), (R, />). Now 
we must consider as to which of these will jn-ove to be of the greatest practical use 
to the investigators on the ])ropagation yf radio waves through the iouos])here. In 
our experiments we generally send waves of a particular freqttency whicli, as they 
enter the ionosphere, pass through a medium in wduch the value of the electron 
density N gradually increases. Thus to show how the velocity of the incident 
waves change as they travel in the ionosphere, we have drawn only (R, N) curves 
for both types of proi)agation. 

The four conditions of reflections are 


(a) 

O) 

(y) 

( 8 ) 


Po^ = P~ + PPh 


^ P'^-P,:^ I 

pc'^ = p^-ppn ! 


(;i) 


It is to be noted that the condition (/?) satisfies the mode Ri and the condi- 
tions (a) and (S), the mode Ra, but the condition (v) can satisfy either of the two 
modes depending upon the frequency of ti'ausmission. When p^pi, (7) satisfies 
the mode Rg but when p< pi. (7) satisfies the mode Rj ; but for Pn > P>Pl this 
condition is not satisfied at all (■aide Appendix). The condition (8) is also not 
satisfied for p pn. 
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Figure 4 
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NOTES ON THE CURVES ILLUSTRA'PED. 

Velocity curves for vertical propagation of radio waves in the ionosphere 
at Allahabad (Eat. 25"", 25', 55" Long. 81®, 55', u"; /?i. ="'373 C. O. S. Units and 
^7=360 C. G. S. Units) arc given in the Figs. 1-7, for values of p shown in the 
figures. The curves corresponding to the mode Ri (ordinary) are drawn as continu- 
ous curves, while lliose corresijonding to R2 (extraordinary) as dotted. Each curve 
represents in general the nature f)f variation of the gremp velocity of the waves, 
the frecjuency of which fall in a ])articular class. The angular fi'cquencies have 
been classified from the ])()iiil of view of the gyromagnetic frequency of the 
electron into classes given in columns of the table below. The chief characteris- 
tics of each particular class are also given. 





Number of 

Niiiliber of 

Class. 

Fig No. 

Range of angular frecjuency. 

times group 
vcloeitv is zero 

timcii group 
velocity is zero 




in mode Rj. 

in niclde R-j. 

I 

1 

V > Vi, 

1 

\ 

Eounclry Curve 

2 

V = /'h 

i 

n 

11 

3 

A 

A 

T 

1 

Bouudry Curve 

4 

p = 

I 

I (one zero at 
/'II* ac ) 

Til 

5 

v-t <r< 

2 

I 

Boundry Curve 

6 

V = 

2 

I 

IV 

7 

V < Vj. 

2 

I 


/^) t'urvcs corresponding to the four conditions of reflections for the 
vertical propagation of radio waves in the ionosphere at Allahabad are given in 
Fig. S. The curves a, j 8 , y, 8 corresi)onds to the four conditions (a), (/i), (7)* 
respectively. The continuous curves represent those which satisfy tlie ordinary 
ray while the dotted curves the extraordinary ray. It will be noted that the 
curve (y) has split up into two parts since it does not exist for p lying betw^een 
pi and pj,. 


2 , D 1 S C IT wS vS I O N. 

vSo far the investigators on the propagation of radio waves in the ionosphere 
have shown that for waves of frequency greater than the gyromagnetic frequency 
of the electrons, there are only three possible conditions of reflection. Curve 
number one which has been drawn for such frequencies clearly shows that there 
are four possible conditions of reflection — one in mode Ri and three in mode 
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R2* For waves of frequency less than the gyroniagiietic frequency, only two 
possible conditions of reflection have been found so far, but the curves show that 
excepting the case of pi<C.p<C.p}t there are always three conditions of reflection* 
Fig- S shows the variation of the ionization densities with increase in frequency 
of the exploring waves for various conditions of reflection. 

For convenience of discussion the curve can be divided into four different 
regions as follows: — 

(а) For pulsatance between zero and 4*76 x the point at which tlie 

curve corresponding to ( y ) crosses that corresponding to ( ) 

(б) For values of p lying between the upper limit of (a) and pi 

(r) Pi<P<Ph 

id) p>Ph. 

Now so long as the frequency of the incident waves lies in the region («), it is 
obvious from the curve that the maximum number of simultaneous reflections 
that can take place under suitable 
conditions is three — two in mode R| 
and one in mode R21 shown in 
l^'ig. g. In general however we wdll 
have only two reflections as is usual in 
practice, one corresponding to (a) and Figitre q. 

the other mostly to {ft), if the layer where (ft) is satisfied is sufficiently thick. 
If how'ever, the thickness of the layer wdiere coiidilioiis (ft) is being satisfied 
is sufficiently small compared to a wave length and the ionization gradient is quite 
sharp so that (y) begins to be satisfied soon after, the w'aves may leak through 
and reflection (y) may take place from the level where it is satisfied. In the inter- 
mediate conditions, partial reflection corresponding to both (ft) and (y) are 
possible and then we will have a triplet on the oscillograph. At the upper 
limit of this region, if reflection corresponding to (ft), as discussed above, is very 
feeble, the reflection corresponding to both the modes will take place from the 
same ionization density, and if both the waves arc equally retarded there wdll be 
only a single circularly polarized wave that can be received. If however there is 
some but small difference in the respective retardations one edge of the echo 
will .show one type of polarization while the other edge will have the opposite 
polarization. 



$ a 

FiGURiv 10, 


2 
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1 



1 

1 

1 

1 

1 

1 

1 

Ui — 

1 

1 . 

1 

-1 


S y /5 a 

Fir.UKIv II. 


In tlie region (h) there will ])e two reflections corresponding to (/^) and (o) as 
shown in Ph'g. irj, that due to (y) being mostly absorbed, due to great ionization 
density required foi' its reflection and consequently long path in the ion 'zed 
regions and its altendant absorption. 

The region fc) is quite simple, here wc shall always get only two reflections 
one corresponding to (a) and tlie otlici to (/?). 1 

Now we come to region (fl) udiere the greatest nutnl)er of reflections is 
IKjssible, for in this region all the four conditions are satisfied. The wave 
corresponding to mode Uj will be reflected from the place where (/S’)^ is satisfied, 
while that corres])onding to Ivjj will suffer its first reflection at the place where 
(fi) is satisfied. If however in the region where (^) is satisfied, conditions of 
leakage, as discussed in (a), arc also satisfied ajul if most of the energy leak 
through, the \vaves will suffer the pj iiicipal reflection at the ])lacc U’here fy) is 
being {satisfied. If the waves arc able to leak at this place also and there is 
suflicienl energy, reflectiem will take place from Die height where («) will be 
satisfied. Nou’ depending on the conditions prevailing in the ionosphere, tlie 
thickness of the region and ionization gradient any of these reflectirms may take 
jflace either alone or along with others. The oscillograph pattern can therefore 
in the limiting case show echoes side by side thus giving rise to a quadruplet 
as is shown in Tri’g. 1 1 . 

Tt may be meutioued that in the region (a) and (c) the reflections corresponding 
to the mode R, will always come from a lower height than that corresponding to 
R2, that in region (fi) thcRa-rellection is possible from heights both less and greater 
than that eonesponding to but the possibility of a lower height is greater 
especially when wc advance towards the upper limit of this region, and that in 
region («) there is a possibility that reflections due to Rg may come f)Oth from 
heights greater and less than those due to R,, l.mt generally they will come from 
lower lieighls. 


A C K N O W h U I) G M T? N T S. 


Our best thanks are due to Prof. M. N. Saha, Dr. G. R. Toshnivval, and 
Mr. R, N. Rai for their keen interest and useful suggestions. 
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A F P E N D 1 X I. 


Thu condition (y), i.c., 

:;) b}’ putting thu factor ( - 

Now F = — 1 — A + 


2 - P,r 

F p^o is obtained from the equation 

I — A -I- ^ ) of the numerator eciual to zero. 



,u1.stituting in this, the value of / 3„2 from the condition ( 7 ) wc have this expression. 


= !!!_.- _ I + P^^P^^P,^}_ 

P'^ - Pl,'^ 2p'^ {p‘^ - pi,'^) 



_2p‘'{p~ — pt') — 2p '^(p'^ — Pl,^+ P'^^P^^ 7 
2p'‘‘ip'‘^ - f>,,“) 


/ 


A/ , I ' ^P'^ - P'''^'\ 

■\p'ip- - /’/.“) 


^ p>'^ ip^ ^ + pr^ ) ./p<-i h'-' + pr^) I 

2p-Hp^ - Pu^) -l2P'^[p'^ - P,r)l 

vSo if F is zero when we lake the negative sign and when p<pi, b' is zero 

when we take the positive sign into consideration. 

Also from the condition (7) it is clear that the value of po^ is negative when 
Pi<P<Ph, which means that in this case the condition docs not hold. 

Therefore it is clear that condition (r) satisfies the mode K] when p<pr, and 
thu mode Ra when p^put while it docs not hold when p I'^p'^p u- 
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DETERMINATION OF LATENT HEATS OF VAPORISATION 
OF THE SELENIDES OF CADMIUM AND MERCURY 
AND TELLURIDE OF ZINC FROM THE ABSORP- 
TION SPECTRA OF THEIR VAPOURS. 

By L. S. MATHUR. 

(Physics Departmenl, Allahabad University) 

(Comniiinicaled by Prof. M. N. .Suliii. P.R.S.) 

(J'fi’l't’/w'tf for piihlicatioii, Apiil 2, J037.) 

Plates III aud IV, 

ABSTRACT. From the study of llio alisorplioji .spedra tf sclciiides of Cd aud llg and 
the telluride of Zii, their heats of si bliinatioii have been ealeulatcd with the help of Born ’.s 
Cycle. Latent heats of vaporisation for CdrSe, IlgJse and ZnTe have been found to be 3(j./|o, 
83‘23 and 61 ‘78 respectively. The dificrenee in the lung wave-length limits of eontinuous 
absorptions for the, sc compounds has been found to be greater than the atomic term difference 
V) of the electronegative element. This discrepancy hiive been explained with the 
help of Frank-Condon diagrams. 


I N TRO 1) i; CTT ON. 

The seleiiitlcs and Icllurides of zinc, cadiiiimii and mercury belong to 
the same class of diatomic compounds as the oxides and .sulphides of these 
three elements. The absorption spectra of their oxides and sulphides were 
fully investigated by P. K. Seu-Gupta ’ and given suitable inteiT»retation. In 
those cases where all the thermo-chemical data are available it is easy to give 
support to the different theories of photo-dissociation as considered in the case 
of monoxides and monosulphidcs. The absorption spectra of only three com- 
pounds out of the six are at present submitted and further investigations on 
the rest are in progress. For these compounds the latent heats of vaporisation 
have not been determined to the best of my knowledge. It is therefore thought 
desirable to determine this unknown quantity from the study of their absorption 
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spectra. It is easily doue with the hel]) of the following well-known thernio- 
cheiuical equation. 



M+X 

Figure i. 




where Heat of sublinialion of the compound [MX] 

= ,, ,, ,, anetal |Ml \ 

L = ,, ,, noniiietal [X] 

j) r= Ileal of dissociation of Xi> 

Q — Heat of fonnatioii of the. coiii])oniid 
R = Aloiiiic heat of dissociation. 

The (luaiitily R is known from the lonj’ wavcdcriKlk limil of the first con* 
tinuoiis absorj)tiou and is connected with the wave-length A l^y the ociuation 

R = 

J ^ 

All the (iLiantities on the right hand side of eej nation (i) are kntnvn and therefore 
heat of vaporisation of the coinponnd can be calculated. 

In analogy to other similar coni[)Ounds, the selenides and telliirides may be 
regarded as ionic in nature, l.c., in the vapour state the conpHmnd, for example, 
cadmium selenide is of the type Cd^ *^80 . When light of a particular frecpiency 

say ri falls on Ihe vapour a simultaneous transition of two electrons from 
8e takes place to Cd^ ^ leaving the i^roducts of dissociation in their normal 
states. Other processes of dissociation may also take place according to the 
following eciuations; — 

MX-l hiq = M + X(''’P) ... -■ {3) 

MX + hv2 = M + X(^Z?) ••• (4) 

MX + hv3 = Mi-X(’S) ••• ••• ■■■ (5) 

where V], V2 aud 1';, arc the frequencies of light which dissociate the compound 
into metal aud different states of the non-metal X indicated in the above 
equations. 
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EXPERIMENT. 

The new modified form of the vacnum graphite furnace is employed to 
vaporise the three salts for it is found to he extremely serviceable for high 
temperature work. The furnace in its present form has been fully described 
elsewhere.'^ The iiuickness with which it attains a steady higli temperature 
and the ease with which it can be cleaned and manipulated make the furnace 
extremely serviceable for all such investigations on the absorption .spectra of 
salts melting above a temperature of boo^C. 'I'he continuous source of light in 
the ultra-violet, as usual, was an air-cooled hydrogen discharge tube run by a 
cK.W. high tension transformer. In the visible region, a 40-Watt coiled-coil 
lamp was employed to obtain a continuous spectral backgiound. For the ultra- 
violet, a small Eai quartz spectrograidi and for the visible a constant-devia- 
tion glass spectrograph was used. Process plates were used for the ultra-violet 
and panchromatic plates for the visible spectra. Light from the continuous 

source passed through the vapom of the salt in the furnace and then allowed to 
fall on the slit of the spectrograph. At fir.st alisorption spectra were lihoto- 
graphed at diflerent temperatures. 'J'he measurement of temperature was made 
by a disappearing filment type of pyrometer. Tt was noticed that without fdling 
the furnace with nitrogen no satisfactory results could be obtained because the 
vapour oi the salt speedily diffused out of the silica tube placed within the current- 
bearing heated graidiite tube. The experiments were rei)eated several times to 
obtain the best absor])tioii at the lowest temperature for the three salts separately. 
After a large immlrer of repititions of the above experiments, the following results 
weie obtained. The positit)us of diflerent cuts were located with the help of 
microphotograms. 'I'he spot of light was allowed to run over the continuous 
spectrum wdiich was scratched at different places corresponding to the well- 

known lines of copper employed as the coinparison siiectrum. Ihe spot of light 

was then run over the absorption spectrum. From these microphotometric 
curves, preceiitage absorption was plotted against wave-length. The point 
where this curve cut the wave-length axis gave long wave-length limit of the 
continuous absorption. 


R E R rt Iv T R. 


Cadmium Seleiiide The dark reddish brown powder of CiURe when heated 
in vacuum from a temperature of 5<>o°C to about looo'C did not give any satis- 
factory absorption. On the introduction of nitrogen in the furnace, however, 
the vapour of the salt gave an absoridion spectrum with two cuts with an in- 
termediate region of retransmission as shown in the microphotogram on plate HI 


figure 9. In figures 2 and 3 the percentage absoiT-tion curves arc plotted which 
give the positions of the two cuts at A 3920 and A 22R0. The resonance line of 
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l^'lCURU 2- 



Figure 3. 


cadiiiiuiii A. 2288 appeared in nearly all the plates while the intercombination line 
A 3261 did come up as it lay in the region of absorption. U.sually with the 
continuous absorption no bands rverc visible but on those plates where the absorp- 
tion spectrum was pliytographcd after heating the salt for over 20 minutes, and 
continuous exposure to the light from the hydrogen discharge tube, Cda bands first 
obtained by Wiuans, and confirmed by Seu-Gupta were also observed. Cd line 
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A 22S8 also widened out, at liiglier temperatures, so much so, that it appeared 
like a genuine second cut on the plate. Thus in the inicropholograin shown in 
figure 9 the apparent second cut is the broadened Cd-linc A 2288, while the real 
absorption due to the salt is shown in the last hump. 

Mercury Selenidc. The vapour of this salt gave a very good absorption 
spectrum at a temperature of about 820^0. Two cuts were distinctly visible 
together with the resonance line A 2536 of mercury. As the temperature was 
increased the long wave-length limit shifted towards the red. The percentage 



Figurk 4- 



absoption curves for the two cuts shown in the microphotogiam plate III are 
given in figures 4 and 5. It is seen that the long wave-length limits of 
continuous absorptions in this case ax'e at A 4500 and A 2588, 

3 
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Zinc Telluride. The first cut with zinc tclluridc appeared at A 5608 in 
the visible rcRi on while the second cut is located at ^,31 76. No absorption line 
or band could be found on these plates. The percentage absorption curves for 
the two cuts in the absorption spectrum of this compound are shown in figures 
6 and 7. 



Wave bni;th AMI ► 


Figure 6. 



Wave length A", U. ► 

Figure 7. 


D I vS C rj vS S I O N OF R F vS U L T vS . 

In table i arc given the positions of the long wave-length limits of differ- 
ent regions of absorption for the three salts which have been worked here, 
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Taiu.e I. 



I Absorption. 

11 Ahsoi-ption. 

ln^2 ‘ 

hrj. 

Salt. 


— 



i — - - 

- -- 

.. _ 


A A. U, 

K. Cal. 

A A. U. j 

K. Cal. 

K. Cal. 

e. volts. 

CdSe 

3920 

72-97 

2280 

J25-/1 

* 52’4.? 

2-275 

ITgSe 

<1500 


2588 

iio's 

j 

46’94 

2 '037 

ZnTe 

5(108 

1 

51 00 

3176 

90-05 

39-05 

i '694 


The last column gives the dillerence hv^— livj between the long wave length 
limits of the two regions of absorption observed for these compounds. This 
difference has been exprCvSsed in K. Cal. as well as electron volts. If the 
mechanism of photodissociation corresponds to the e(iuations (3) and (4) this 
difference should be equal to the atomic term difference of selenium for selenidcs 
and of tellurium for the telluride. Now, the classification of the arc si)cctrum 
of selenium has been thoroughly done by Cibbs and Ruedy ^ and Meissner, 
Bartclt and Eckstein ® while atomic term values for tellurium have been investi- 
gated by Bartelt.'^ Their tenii values for the inctastablc levels ^^nd 

are given in table II together with the differences in electron volts. 

Tabee II- 


P", lenient. 

]» 0 


'•^^0 




78658-22 





Se 

76668-73 

69082' 14 

56212'i9 

1-8 

T59 


76123-87 






72667 


1 



Te 

67960 

62108 

49468 

1-30 


1 

67916 






The hv2“hvi differences for the selen ides of Cd and Hg as obtained from the 
absorption spectra are Z275 and 2-037 electron volts respectively. This value 
is much larger than the atomic term difference However, a suitable 
explanation of this discrepancy can be given as shown in the case of 
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monosulphides of alkaline earth elements. From the microphotonietric and 
percentage absorjrtion curves it is easily seen that the two regions of absorption 
are of the same diffuse nature, so that the potential energy curves of the two 
unstable states are expected to be of the form shown in figure 8. 



Thus the difference BC is greater than the actual difference UF. The same 
explanation may also hold for the telluride of zinc where the hva-lW] =i'694 
while actually it ought to be i'30. 

0 

C ALCUI/A TIONS. 

As remarked earlier equation (i) furnishes us a means to determine the latent 
heats of these compounds si)ectroscopicalIy provided K is calculated from the 
long wave-length limit of the first continuous absorption corresponding to the 
dissociation of the molecule into normal atoms. In table III are given the 
different thennochemical quantities involved in the calculation of I^j^^ * 


Tabi^e ni. 



Q. 

K. Cal. 

! r> 


] 

L 

R 

h 

Salt. 

X* 

K. Cal. 

M 

K. Cal 

X 

K. Cal. 

K. Cal. 

MX 

K. Cal. 

CdSe 


44'o 

2677 

17*4 

72*97 

39*40 

HgSe 

6-3 • 

44-0 

15*53 

I 7‘4 

63*56 

83*23 

ZnTe 

31 'o 

37*25 

31*33 

13*2 

51*00 

6178 
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Most of the above data have been collected from I/audolt and Hdmsteiii’s tables. 
Tlie heats of dissociation of selenium and tellurium arc taken from the paper of 
Rosen while the latent heats of vaporisation for the clement Xn, Cd and Hr arc 
those given by Egerton.'’ The last column of table 111 gives the latent heats of 
vaijorisation as calculated from equatitni (i). 

A C TC N O W b E D G M B N T. 
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AN X-RAY STUDY OF POTASSIUM BICARBONATE. KHCO3 

By JAGATTARAN DHAR, M,Sc. 

Indian Association for the Cultivation of Science. Calcutta. 

{Received Jot publication, April S, 

ABSTRACT. Crystals of potassium bicarbonate KHCO3 are iijonoclinic prismatic'. The 
unit cell contains molecules and has dimensions 

a = 15 'oi A ; 5’hyA ; C — 3 ‘fnSX ; 

with an angle ^ of 10/1*30/ 

Tt belongs to the space group (P^i/ti). Relative intensity iiieasiireincnts suggest 

that the CO^ group should be near the plane (40c <), having the shape and dimensions as in 
other normal carbonates and the potassium atom lies practically in the (010) plane. 

I. T N T R 0 D U C T T C N. 

Mooney ^ reported his preliminary X-ray investigation on tlie animouiinn 
bicarbonate crystal. < )ut of relative intensity considerations be concluded that 
tlie C( 3 ;^ groups in tlie structure lie approximately in planes parallel to the a face 
in keeping with the findings by tlie magnetic method ® and furtlier the dimensions 
of the COj groups arc essentially the same as in normal carbonates. lyUtcr on 
Zachariascii ’’ made a complete analysis of the .sodium bicarbonate crystal. The 
close agreement he obtains between the observed and calculated structure-factors 
points out that the CO groups are oriented parallel to the (loi) face and here 
also the lattice contains COn groups of the .same shape and dimensions as in other 
carbonates. Up till now the potassium bicarbonate crystals are not known to have 
been studied by X-rays. As the cry.slals of ammonium, sodium and potassium 
bicarbonates form a scries among the salts of the polyhasic acids, an X-ray study 
of the KHCO;i crystal in the same manner would he desirable specially witli a 
view to investigate if the C( )n groups here also maintain the same shape and 
dimensions as in others. The present paper reports a preliminary X-ray investi- 
gation of the KHCO.T crystal with the help of fixed-film and moving-fihn 
cameras. 

3. T II EKHCO3 CRYSTAL. 

Crystals of potassium bicarbonate are described in Croth, Chcmi.sche, 
Krystallographie.'^ The crystal class is monoclinic prismatic with the following 

elements; — 

a;b;c = 2‘677o:i:i'3ii5 and ^=I03'’25' 
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Merck’s extra pure crystals of potassium bicarbonate were dissolved in distilled 
water and by very slow evaporation, lasting over several days, of aqueous solu- 
tions, single crystals of elongated aioug the ‘b’ axis were obtained with 

clooi}, r {loi}-, (T {201} and soinetinies a {100 )• bounded by nt {no}. 

3. UNIT C K L ly AND DIMENSIONS. 

X-ray rotation photographs of the crystal were taken about the crystallo- 
graphic 0, b, c, axes in turn in a cylindrical camera of 5 cm. radius. The X-rays 
used were the radiations from the copper target in a shearer tube run by a trans- 
former. The axial lengths were calculated from the mean ^ values of the layer- 
lines in each photograph, read with the help of Bernal Chart 11 '^. Weissenberg 
photographs of the zero layer line about the ‘b’ and ‘c’ axes were taken in the 
Scemanu goniometer. The dimensions of the unit cell are found to l)e j 

a = 15'oJ A ; b = 5'6g A ; c = ^'68 A ; 

^ = 104" 30' 

whence the axial ratio comes out to be 

a : b : c = 2'64 : I : 0*647 i P was directly measured fiom the Weissenberg 
photograph. 

It is evident that X-ray values of the various elements of the crystal agree 
with Groth’s values except that ‘c’ axial length is halved. If the density is taken 
as 2*17, we have yj molecules ofKHCOg per unit cell. 

* 

4. INDEXING THE REFLECTING PLANES AND THE 
D E ' 1 ' E R M I N A 'J' I O N OF THE S P A C E-G R O U P. 

In order to decipher the reflecting planes which appear in the zero layer line 
photograph about any crystallographic axis in the Seemanu goniometer, the well- 
known method of graphical solution*’ was employed. In a Weissenberg photograph 
about the ‘r’ axis for example, a reciprocal lattice a* h* was constructed on a 
suitable millimetre graph-paper. Then tlie $ values of the reciprocal lattice points 
representing the various reflecting planes were found out. The ^ values corres- 
ponding to different planes were expressed in terms of according to the 
relations : — 

— and 2 sin 0 = ^ 

2nr^ 180 

where 0 is the Bragg angle 

and 7‘ is the radins of the camera, 

r ' 
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Then was plotted at^uinst the angle of rotation of the camera whicli moves 
synchronously with the crystal, ^oj markings were always made in terms of ^ in 
order to facilitate plotting of the reflecting planes later on. Next the interfacial 
angles of various planes were calculated with the help of the X-ray value of the 
axial ratio of the crystal in question and afterwards (as expressed in terms of 
0 was plotted against the angle of rotation for each plane, 
Kach reflecting nlane in such a case is found to lie on two series 
of curves which are ])arabolas — one series running with (oio), (no), (210), (310) 
etc. and the other with (100), (no), (120), (130), (140), (150), etc. The plioto- 

graphed film containing the diffracted spots are then supcri)Osed on the curves 
so drawn and the spots which lie on the intersection of two such scries of curves, 
are easily read. In this way the following reflecting planes have been obtained 
and they are listed in the following table : — 


TAin,R. 


Axial planes. 

Prism planes. 

Prism planes . 

Prism planes. 

General plaiic.s. 

(V.s) 

201 (m) 

(Ij) oiiw) 

(12) 40 (v.w) 

211 (w) 

6(H) (w.ni) 

201 (v.w) 

(14) 02 (w) 

(13) in (W’) 

21 J (WMJl) 

Sou (s) 

202 (v.w) 

(16) (..! (W) 

(14) 20 (\v) 

212 (v.w) 

(lo) Of) (vw) 

203 (v.w) 

no (w) 

(14) 30 (WMII) 

32 -.! (v.w) 

(12) 00 (ill) 

204 (\v) 

120 (w) 

(15) TO (w.m) 

22T (m) 

(l.fi 00 (V.\N') 

205 (w) 

130 (w.iii) 

(i.s) 30 (w'.m) 

221 (w.m) 

020 (.s) 

/^ni (v..s) 

14(J (w) 


411 (w) 

o/|o (m) 

401 (v.s.) 

150 (v.w) 


421 (w) 

o6cj (vv) 

402 (w) 

t6o (w) 


421 (w.m) 

o8u (v.w) 

402 (til) 

220 (ill) 


413 (v.w) 

00 1 (w) 

4<^3 (w) 

230 (v.w) 


423 (v.w) 

002 (ni) 

403 (v.v^^) 

240 (v w) 1 


6ti (v.w') 

003 (w) 

404 (w.in) 

260 (v.w) 1 


612 (v.w) 

ooz] (v.w) 

601 (v.w) 

1 310 (w ni) 


613 (v.w) 

005 (v.w) 

601 (w) 

330 (^v) 


621 (v.w) 


602 (v^w) 

3.S(» ('v) 


622 (v.w) 


602 (w.ni) 

420 (v\) 


623 (v.w’) 


603 (w.m.) 

440 (w) 


S12 (m) 


Soi (S') 

450 (v.w) 


H22 (wO 


4 


J90 


J. Dhar 


Tali.K {contd). 


Axial planes. | 

Prism planc.s. | 

Prism plaiiCvS. 

Prism planes. 

General planes. 


801 (V‘W) 

460 (\v) 




80:1 (mj 

.Sio (w) 




8t)3 (nj) 

,S 5 ^' ('') 




8t),i fv w) 

560 (v.w) 




(lf») ill (w ,11]) 

(\\ .111) 




(lo) 0:; fv.w) 

^140 (VAV) 




(loj n;^(v.\v) 

660 (w) 


) 

1 


(10) 0'i(v.\s) 

7J0 (w.in) 


1 

\ 


(12) 01 (\v) 

750 (w) 


\ 


(12) 02 (w) 

oc 


\ 

\ 


(12)02 (w) 

910 (w.m) 


\ 



930 (w) 





950 (w) 












From the table it appears that all reflexions of the type {h <> /) are absent if h .is odd, 
and reflexions (o k o) are absent in odd orders. Consequently the symmetry 
plane is a glide plaiie with a translation a/e, and the two-fold axis of rotation 
is a screw axis with a translation b/e. It follows therefore that the space-group 
is (P 2i/a), 


5 . C O N C 1/ U S I O N 

The space-group Co/, requires 4 asymmetric units for the unit cell. As 
the KHCO3 crystal possesses 4 molecules per unit cell, the KIICO3 molecule 
probably has no element of symmetry. It may be safely assumed that the 
CO 3 grouf) in the KHCO3 molecule has the shape of an equilateral triangle 
with the oxygen atoms at the corners and the carbon atom at the centre, and the 
potassium atom lies in a diflerent plane. Tlie distance between oxygen and 
carbon is taken to be r 27^. With these assumptions the analysis is in progress 
and unless it is complete, no definite conclusion regarding the structure can be 
drawn. But so far * the analysis shows that in the KHCO3 crystal also the 
CO 3 groups maintain their shape and dimensions. Strong reflexions from 
planes of the type (^00), (401), (401) etc., suggest that the CO 3 group should be 
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very near the plane (400). The absence of all planes (/no) where h is even and 
the weak reflexions of almost all the planes (/? k o) where (// f /c) is odd, require 
that the potassium atom which is the predt)ininant seatierer lies practically in 
the (010) plane. The magnetic susceptibilities " of single crystals of KIICO;^ also 
lead to the same configuration of the CO 3 group. 

In conclusion, the author desires to express liis grateful thanks to Prof. 
K.S. Krishnan, D.vSe. and the members of the committee of management, Indian 
Association for the Cultivation of Science, for providing him facilities for the 
work. 
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ON DELAY IN TRANSMISSION THROUGH TELEPHONE 
APPARATUS AND NETWORK 
By P. B. GHOSH. M. Sc. 

(Received for publicalkm, Apiil J3, /937.) 


ABSTRACT. The paper relates to the nieasureineiit of tlelays in IkitimihsmO]! thn^ugh 
^oiiie typical telephone apparatus and network (for instance, wave-filti'rs, tele[)h()nc traiislor- 
nier, repeating coils and audio-aniplihcr). This study ha.s recently heconie iiupoiianl on 
account of growth of multiplex coniTruinicalion systems in which lreiiuenc>’ hand of eacli 
ehaniiel has to pass through several additional networks anil is consequeiitlv liable to suiter 
additional delay. 

Phase-shift (/3) was measured by an arrangement similar to that adopted by iMessrs. 


Ilimhui, Reudall and White, for telephone repeaters. Uelay 



at various 


I’reijneiicies was 


obtained from phase-shift cliaracteristics. 

Measurements have shown that, in general, foi individual appaiatus or network the 
order of delay is not high and its variation with freijiiency is unable to cause phase distortioji ; 
but ill a channel where several waveTilters (eaidi consisting of two or more sections), trans- 
formers and amplilirrs are eoimected in tandem with a long line circuit the total delay and 
its variation with frequency wdll aflect transmission. 


1. I N T R (.) I) IJ CT 1 (.) N. 


Study of the time factor in transmission over telephone circuit and asso- 
ciated ajjparatus, networks, etc., at terminal and repeater stations is desirable at 
the present moment when the trend of development is towards longer and 
longer connections. 

t)n a telephone circuit liaving resistance, inductance, capacitance and 
leakauce of R, ly, C, and (^1 per looj) mile respectively, the [iliase constant is 
given by 



and the velocity of propagation by 


On unloaded circuits either open^wirc or cable, the velocity of transmission of 
telephone currents over line conductors is higli and increase with the increase of 
frequency of the current to an npper limit of 186,000 miles per second. Present 
day loaded trunk cable circuits for moderate and long distances have velocities 
of the order of 10,000 and 20,000 miles per second respectively and further the 
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Iransiiiission velocities for the iniddle frequencies of the speech band (i.c., i,ooo to 
1,500 c.p.s ) are usually greater than those of the higher or the lower frequencies. 

The ellects of low velocity of transmission and its variation witli frequency 
are discus.sed below^ with releiunce to transmission on long circuits. 

(a) Phase distortion ” or “ Transient Khect — 

The components of different frequencies making up the speech arc not 
all transmitted with the same velocity over the telephone circuits. In an 
unloaded circuit (open -wire or cable) the velocity increases as the frecpieiicy 
increases. On loaded trunk cable circuits, the velocity of high frequency 
components is less than that of the middle frecpicncies which are most 
prominent in oidinary telephone S]>eech. Hence frequencies in the middle of the 
range arrive hrst and the higher frequencies arrive somewhat later. This differ- 
ence is inappreciable on shorter circuits but for longer ones it may become great 
enough to be a])preciable. The listener hears as the effect of this difference a 
sort of ‘‘ cJiirping sounds ” which reduce the intelligibility of speech to Im apj)re- 
ciable extent and cause a certain amount of annoyance to the speakers. \ 

This effect can, however, be corrected by installing at repeater statioi\is along 
the circuit of “phase-compensating networks “ which no dcmlff equa^ses tlie 
delays for various frequencies but introduces additional delay. 

(/?) ITe second effect of low velocity of transmission over telei>lionc circuits 
is to be found in the “ transiiiission time itself.’' In the ordinary case the time 
elapsed between the s]icakiug of a word at one end of a circuit and its reproduc- 
tion at the distant end is inappreciable, but for very long circuits this also requires 
consideration. If too great a time is required for onward transmission of Bj)eech 
and ror return transmission of reply, the vocal interchange of ideas is interfered 
with. This consideration has led to the conclusion tliat the total transmission 
time over any telephone circuit should not in any case exceed \ of a second (250 
milli-sccoiids) . From this it is evident that the velocity of transmission of 
20,000 milcs/sec. (which is the usual flgiire for international loaded trunk cable 
circuits in service) would not be adequate in near future for conneeLioiis between 
widely separated parts of the earth. The iKSe of high frequency carrier currents 
for operation over unloaded open- wire or cable circuits thus affords great advaii- 
lages ill this respect over voice-frequency working on loaded cable circuits. 

(r) The third elTcct of tlie low velocity of transmission is the annoyance 
caused by the “ echoes “ which may arise due to imperfection of line balances at 
the terminal repeaters of a four-wire loaded trunk cable circuit. On a thousand 
miles of such a circuit with a transmission velocity o[ 10,000 miles/sec. (say), the 

speaker may hear in his receiver the echoes of his own words 0-2, 0-4, o-6 

seconds after he has spoken and the listener at the other end may hear not only 
the direct transrnissiem but echoes delayed by 0*2 of a second. vSuch effects seri- 
ously interfere with conversation, the amount of interference increasing with the 
amount of delay. The effect of echoes can be reduced by increasing the velocity 
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of transmission over the circuit, by reducinj; the amount of echo current and by 
providing the circuit with “voice-operated echo-btiiipves^.sors " installed at the 
centre of the system. 

The study of transmission time for transmission over telephone circuits of 
different types and its effects have already engaged the attention o[ a few woikers. 
But little has been done to study the transmission times in ease of vai ions tele- 
phone apparatus and networks (used in terminal and lej^catcr stations) , and their 
variation with various frequency comimneiits of the speech. As far as aullior's 
information goes, there is only one itajicr by C. Iv bane entitled'^- l^hase distor- 
tion in telephone apt )aratus” on the subject and this also lias not taken into 
consideration all typical apparatus and iietv'ork. 'I'lie imi)ortance of this study is 
specially enhanced by rapid growth of multiplex comiinmiealion .systems (foi 
instance, simultaneous operation of voice-frequency ami carrier frequency telephone 
channels on the same circuit), since in such cases frequency band of each cliannel 
has to pass through several additional net-works and is thus liable to sutlei addi- 
tional delay. The present pa])er relates to measurement of delay for transmission 
of alternating currents of various frequencies through some common telephone 
networks and apparatus, for instance, wave-filters, tcleidione transformers, tele^ 
])honc repeating coils and aiidio-freqnency amplifier undertaken by the author. 

2. T IT 15 () U Y () F T TI K M K T HOD O V M K A S V R 15 JM K N T 
() F P TT A 8 K-S II 1 F T. 

Tor obtaining the delays at various freciueiicies il is necessary to measure the 
phase-shifts suffered by various frequency components on transmission through 
various apiparatus and network. 

f !L» fcrm, m 



Funnov i. 

Citruil foniK-riMJi iiig plinse-sliift 

The method employed hi the measiirenieiil of pliase-slnft is snmlar to that 
employed by Messrs Hinton, Kendall and White in their paper on Phase rela- 
tions in unbalanced two-way Iclephone repeaters." t The schematic diagram of 
the measuring circuit is shown in figure i . 


* Bell System Technical Journal, Vnl. TX. July, PP 
I Fdcctrical Communication, Vol. VTTI, JuH', 
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Suppose a wave of angular frequency w, whose instantaneous value of poten- 
tial is denoted by Ivi, is impressed at the input of the network (Fig. i) under 
consideration, and let Kz be its instantaneous value at its output. Then if /8 
denotes the amount of phase-shift in radians and eologio m the attenuation in 
deciljels suffered by the wave in i)assing through the network, the two potentials 
may be rej >resented by 


Jvi = ii?Eo sin id/, 
li 2 = F() sin (id/ 4^), 


Therefore, 


F, 

F2 


m sin id/ 
sin (o)t 4 (i) 


(at the input) 
iat the output) 


(3) 

(n) 

(5) 


Now let the R. M. S. value of the voltage at the output of the anij)liffei' B 
due to (3) be V] and that due to (/]) be Vo- Also let V, 2 be the R. M. S. value 
wlien both (3) and (4) are applied simultaneously. Then, since thq' identical 
amplifiers A have been omitted in the imesent experiments and the ahiplifier B 
produces the same change in iffia.se negligibly small in both the voltages \ve have, 

V = 


( 6 ) 


V3 


_"F() 


(7) 


where 11 = voltage amplification given by amplifier B. 

vSo that, — )ii ... ... (R) 

V 2 

* 

Oil applying the two potentials together, the Tt.M.vS. value V]2 at the output 
of the anipliiicr B will be given by 


Jo 

= 

Jo 


sin (u)i ± P) + 777 sin ci(w/) 


[{ni “H cos B) sin oj/ ± sin /?. cos (i{iot) 


m n Un 
^ 2 


\/ 1 + " cos /:> + - v> 
777- 


Hence, 



I + — cos + 
111 



/3 = cos”^ 




1 — 


ni 2 


... (9) 


(to) 
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,<■ M K A S I! K i; H E N T. 


For mcasuremunl, an audio-frequency oscillator ' o ' of ranine from 
10,000 c.p.s. (Type 7.1 ^^oo-c) maiinfactured liy the Standard Telephones and 
Cables Coy. Ltd., has been used. ' N ’ is the fourdermiiuil network or apparatus 
under test. Si and vS2 are two switches i)laced in the [)arallel leads at the imput 
and the output of the network respectively. Tu is a special type of transformer 
having two similar winding on the primary side, the ratio of transformation 
being t: 2. The voltage amplifier B is of the ordinary rcsistance-capacitaiiee 
coupling type while the measuring instrument is a valve-voltmeter, constructed 
and calibrated by the author in the la])oratory. Two equal high resistances R 
were inserted in the parallel circuits taken from imput and output sides of the 
network to increase the impedances of those circuits. The oscillator was first of 
all adjusted for a certain frequency. T'he switches were then closed first 
separately and then together and the corresponding dcllcct ions in themilli-ammctcr 
of the valve-voltmeter were observed. Corresponding values Vj, V 12 were 
then found out from the calibration curve of the voltmeter. Subsequently the 
phase-shift was calculated from equations (9) and (10) of the previous section. 
This procedure was repeated for several frequencies and corresponding phase- 
shifts obtained. Phase-shift measurements were carried out in case of wave- 
filters, transformers, repeating coils and audio-amplifier. 

/ \ 
aQ 

From phasc-shifl-frcqueiicy characteristic, the value of which is the 

measure of delay was calculated iii milli-scconds. (Iraphs showing the variation 
of phase-shift and delay with frequency were then plotted t)n the same sheet as 
shown in figures 3 , 5. 7 > 



Figure 2 . Figure 3- 

5 
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Figure 6. 


FiGGRiC 7. 


4. D I vS C U S S I o N 0 1 -' R J? S U T S. 
(a) Wavc-filicn. 


1. Low-pass filtei' section: — 

A syniuietrical, * T ' type, low-pass filter section of cut-off fiectuencj, 
f,. == 2700 c.p. s. and characteristic impedance zo = laof^, as shown in figure 2, 
was taken. Phase and delay characteristics arc shown in figure 3. The magnitude 
of the delay varied from ’066 to "oaS milli-seconds in the range o'6-3'0 k.c/s. 
and was constant in the range 10 -3-0 k.c/s. 
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2. High-pass filler section: — 

A symmetrical, ' T " type, high-pass filter section of cut-off Ircciueiicy, 
— looo c.p,s. and characteristic impedance zo = i7oii. as shown in figure .1 
was taken. Phase and delay characteristics are shown in figure 5. Witliin the 
transmission band, the delay decreased from about 0-2:: inilli-seconds near the 
cut-off frequency to very small values at higher frequencies but outside the band 
the variation was irregular. 

3. Band-pass filter section: — 

A Ill-derived, four element, T structuie in which lower cut-off frequency 
fj = 3000 c.p.s.; higher cut-off frequency f 2 = 5000 c.p.s- frequency of iiifiiiite 
attenuation f® = 5500 c.p.s. and characteristic impedance Zq = 600 as shown 
in figure 6 was taken. Phase and delay characteristics are shown in figure 7. 
Within the transmission band, the delay was fairly constant at ‘02 milli-seconds 
lint outside the band it varied irregularly. 


(b) Transjoimeis. 

Two types of transformers — Intervalve and Output — have been studied. 
A Ferranti Intcrvalve Transformer (Type AF6, Ratio 1.7) and a Ferranti 
( )utpiit Transformer (Type CPMS, Ratio 1:1) were taken. Phase and delay 
characteristics are shown in figures 8(a) and 8 (/)). In case of the intervalve 
transformer, the delay was constant between i-5“5-5 k. c/s and varied below 
1-15 k.c/s. Ill case of the output transformer, the variation of delay is irregular 
and is from ’02 to ’02S milli-seconds. 
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(c) Repeating CoiL 


A telephone repeating coil (No. C 4153-1, ratio of transformation i-.j) 
manufactured by the Standard Telephone and Cables Coy. Ltd., was taken. 
Phase and delay characteristics are shown in figure 10. In this case the delay 
is practically negligible. 


REPtATir«& COILS NaC403-i 
(STAnOaRO TEICPMONCS A, CARlEsCOT) 



Figure g. Fjgure 10. \ 

id) Audio- A mpUfic i . 

A two-stage amplifier as shown ill figure ii was taken. Phase and delay 
characteristics aie shown in figure 12. In this case the delay di^creascs 
from -ozjb milli-seconds at 0-5 k.c/s. to about -oi ' iiiilli-seconds at 
7 k.c/s. 



Figure 11. 


Figure 12. 


Delays of other frequency components with respect to the mean or mid- 
frequency component in the above cases are shown in table I. 




Experiment shows that when individual ap])aratus or network is considered, 
the order of the delay is so small as to cause no annoyance and the variation 
of delay with frequency is such as to cause no appreciable phase-distortion. In 
actual case, where several filters (each consistiuf; of two to three .sections), 
transformers, amplifiers, etc. are connected to the line circuit, the total delay 
will be large, more especially if the line circuit is long. 
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ON THE POLARISATION OF RAMAN LINES OF 
SOME ORGANIC COMPOUNDS. 

By BINOY KANTA CHAUDHURI, M.Sc. 

{Rvci'ivcd lor piihlicatioii, April lyr/.) 

Plate V 

ABSTRACT. Tlic polarisation of tlic Raman lines of pipeiidiiic, ithvlcm (liaininu, dielliyl- 
aiiiinc and triclliylaniiue has been expet inicntnlly iiive.stiKaled and the syuiinetry of tlic first 
two of tlie.se molecules has been discussed. It is shown that Die piperidine uiolceule has a 
puckered structure having the synuuciry Cni and that prohahK there is no free rotation altout 
the C — C axis in the molecule of ethylene diamine, though then is such a rotation t)f each of 
file NHj groups about the C— N bonds. 

1 N TR <) D U CT 1 O N. 

It is well known tluit the number of Kanian lines which can be observed in 
the case of any substance depent's not only on the nundter of atoms on the mole- 
cule but also on the symmetry posses.sed by the molecule. It is not iio.ssible, 
however, to determine tlic symmetry of the molecule from a knowledge of the 
number of Raman lines alone but besides this, a knowledge of the .state of i)olari- 
.sation of the Raman lines also becomes necessary. In the ])resent investigation 
the polarisation of Raman lines of piperidine, ethylene diamine, diethylamiue, and 
trietliylamiue has been studied e.xperimcntally and an attempt has been made to 
arrive at a conclusion regarding the structure of the pi])eridine and ethylene 
diamine molecules. 


R X r R R I M R N T A L. 

The li(iuids investigated were all of pure (piality and they were distilled in 
vacuum before being used. The amines were kept in air-tight tubes during 
exposure because they fumed copiously when brought in contact with atmos- 
l)heric moisture. The liciuids were illuminated by condensing light from a 
mercury arc on the tubes containing them with the help of a ])Owerful condemser. 
The double image prism used by Gupta ' was used in the present investigation in 
order to photograph the two components of the scattered spectrum simiiltaneons- 
ly. As has been mentioned by Gupta, the planes of vibration of the light 
vector m one of the components is inclined to the vertical at an angle of about 
48° when separation of the two components is in the vertical direction. For 
this reason the axis of the incident beam focussed on the tube was so ad.iusted by 
making the axis of the condenser properly inclined to the vertical and placing 
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the tube and the mercury arc on its axis that the axis of the incident beam was 
at ri^dit angles to the light vector of one of the components of the scattered 
radiation passing through the double image prism and coincident with the other. 
Though the adjustment is a little difficult, this peculiar i)roperty of the double 
image prism has one advantage, vir.., the two coiiiponeiils ])eing inclined to the 
vertical at an angle very near to there is appreciably no loss of intensity of 
any of the components due to reflection at the surfaces of the prisms inside the 
si)cctrograph. With the same arrangemcnl the state of polarisation of Kaman 
lines of carbon tetrachloride was studied and it was observed that the observed 
values reduced to values observed under ideal conditions by Cabannes and 
Kousset and also by other authors when o‘i was subtracted from each of these 
values of /i, the depolarisation factor. This correction was applied to the results 
obtained in other cases. 

Intensity marks were obtained by the method of variation of width of the 
slit of the Spectrograi)h used and a standardised tungsten ribbon lamp Was used 
as a source of light for this purpose. I'he microphotometric records of the 
spectrograms as well as of intensity marks were obtained with the helj) of a Moll's 
microphotoineter. Some of the spectrograms contained a little backgroui^id. In 
order to correct for this., the total density at the centre of one of the components 
of any Raman line was first determined and then that of the background was 
also determined from the micropliotomctric records. 'I'hc corresponding intensi- 
ties were then obtained from the blackciiiiig-log intensity curve for the corres- 
ponding wave-length and subtracting one from tbe other, the relative intensity of 
this com[)onent of the Raman line was determined. Similar procedifi'e was 
ado])ted to determine the intensity on the same scale of the otlier component and 
by dividing the weak component by the strong one, the niicorrectcd value of p 
was obtained. From this the col lection term mentioned above was siil^tracted 
and the corrected value of p for natural incident light was obtained. The spectro- 
grams have been reproduced in Plate V in order to show how with the arrangement 
mentioned above, almost tlic actual state of polarisation is observed on the 
vSi)e('trograiiis, the loss of the stronger component being very small with this 
arrangement. It can be seen as for instance, that the line 1442 ciir^ due to the 
deformation oscillation of CH2 group is almost completely depolarised and when 
the small correction term is applied, the value reduces to the ideal one, 6/7. 
The small correction is necessary probably because there ivas want of transver- 
sality of the incident beam. 

In some cases where there were overlapping of diflercnt Raman lines on 
one another, a filter of a7-dinilrobenzeiie in benzene was msed. In the case of 
piperidine two spectrograms were obtained, one without any filter and the other 
with a filter of iodine dissolved in carbon tetrachloride. The latter picture 
showed clearly the state of polarisation of the hydrogen lines having Av values 
greater than 2500 cm“^. The results obtained are tabulated in tables I-IV, 
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Tabt.e 1. 

Piper iclint.* C,iTl,,N. 


No of 
Ronian 
lines. 

Aw in ein ’ of 
Raman lines. 

Tnlen- 

sily. 

Depoln- 

lisatioTi 

factor 

I 

243 

0 

rip 


400 

1 

P 

3 

443 

1 

tip 

-1 

735 

ol) 

7 5 

5 

«17 

8 

37 

(1 

SS7 

0 

P 

7 

lonfi 

1 

P 

8 

10:15 


•38 


104‘J 


■89 

TO 


2 


Y\ 

12/15 


'85 

1 


Table H- 

I Ctliylciic diamine C2HSN2 



No of 

. 

A»' in cm * f>f 

Inleii- 

Dejlnln- 

Ram fin 

Raman lines. 

sitv 

risation 

lines. 



factor 


1.87 

2 


13 

1342 

0 

dp 

1-1 

T442 

3I1 


15 


1 

P 


273 " 

2 

■24 

17 

2803 

- 

‘2:: 

18 

1 

2852 

4 

'25 

HJ 1 

281^2 

2 


20 

293 T 

81 ) 

'34 

2i 

33"7 

0 

P 

22 

3339 

lb 

P 


'rAiu.K HI. 

Dielliylamiiic C4H mN 



6 
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Tablk IV. Tabi^e V. 

rrieibyhiiimc Carbon tetrachloride CCI4 


No. of 
PaiiKiu 
Imcs. 

j A in fiij ^ of 
Kaaiaii Jirics. 

I 

P 

No. of 
R.'wmn 
lines. 

A ^ in cm"* of 
Rniiiaii lines. 

1 — 

j I 

] — ' 
P 

j 


2 

■.s 

T 

217 

8 

■86 


736 

4 

1 

1 


3 P 3 

8 

•78 


f.n.s 

/) Iji- 

■g 

3 

4 .S 0 

n. 

‘<'»5 


007 

1 

■().S 

4 

7^3 

6 

*86 

5 

Ti/k) 

6 

■g 

s 


6 

•86 

6 


I 

•72 





7 


H 

■86 



1 


S 


4 

'^1 





[) 


S l,r 

3 



1 


in 

3966 1 

4 1 

•8 
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DISCUSION Oh' RKSIJIv'l'S. 

Pi])cridiiic — The symmetry of the iiijicridiiie molecule lias been discussed 
recently by Kolilrausch and vStockmair^ but no definite conclusion could be drawn 
by them regarding the symmetry of the molecule because the data for polarisation 
of the Raman lines were not available. The molecule may have either a plane or 
puckered structure. Tii the case of the plane stnictm'e the vSymmetry would be 
C 2 \, the twofold axis of rotation passing through the nitrogen atom and the 
diametrii'ally opposite carbon atom and one of the two planes of reflection passing 
through this axis lies in the plane of the molecule, the other being perpendicular 
to the ])lane as shown in figure i (a). Tn the case of the ])uckered structure, it may 
have again two forms, both having the same syiinnetry Cpi, one being called 
^^Sesser' and the other “Wannen'' form as shown in figures i (6) and i (r) 
respectively- The latter two forms cannot be distinguished from each other 
from a study of the polarisation of the Raman lines but it can be decided whether 
the molecule has a plane structure or a puckered one. 

(a) (b) (c) 

Figure i- 


Polarisation of Raman Lines 
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As there are altogether 17 atoms in the pi])cricline molecule, the innxinmm 
number of lines in the Raman spectrum may be 51 -o=,i5 in the case of the plane 
as well as the puckered structure. The forms of vil)tation of the ring ;is well as 
of the CH.^ group of the cyclohexane molecule have been shown diagramatically 
by Kohlrausch and Stockmair in the paper mentioned abfwe. These forms of 
vibration of the closed ring of the piperidine molecule as well as those of the CH2 
group are reproduced in figure 2. In a more recent paper Kahovec and Kohlrausch " 
have deduced the number of possible polarised and depolarised lines which would 



be expected in the case of the piperidine iin)lecule if d would have Ihc^ ^>mmitiy 
Cii. ( =C.s ), i.c., if file molecule would have a puckered slniclure. These lines 
are listed in table V, the lines due to M -11 grou]) md being included in the table. 

The letters "s” and “as"’ denote symmetric and anti-symmetne to the plane , 

similarly “ p ’’ and “ dp ’’ denote respectively polarised and dei«)lai ised. 


TAri,i«: V. 


(T 

y 


Pipiridiiie — C|i, j 

I 

i 


^ 

s 

I 

V 

7i 72 *"3 ^4 H 

:^7i "72 3^1 5*^1 -n 

as 

dp 

72 "2 "9 

27i 372 3^2 "^'1 3 '"a 



Vibrations of the ring 

C!1 vibrations 
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Tlic di/Terci]l CII vibrations arise frojii the cliffcreiil phase relations anioiig these 
vibjatiuiis of tijc individual CH2 i^roiips present in the whole molecule. As for 
histance, the niovenient of the carbon atom in tlie case of and vj oscillations of 
the CII 2 grouirs is of identical nature and also only tliose vibrations of the ri]]n 
wJiich similar movemcnls of the carbon atoms take place can i^ivc rise to and 
(CH) oscillations; hence there are as many (CII) oscillations as there are 1-, 

(CH) oscillations. vSiniilarly there are as many (CH) oscillations as there arc 

(CH) oscillations. It can be seen from table V that tliere should be 5 t)o]arised 
Hanian lines (3 vj aud 2 V2) having v greater than 2500 cm“^ if the synmielry 
of the molecule be C] If, however^ the molecule would have a planar structure, 
the symmetry would be C^r and the two (CII) vilnations 2 vn which are symmetric 
to the plane of symmetry would ])0 anlisyiiniietric to the twofold axis of rotation 
passing through tlie nitrogen atom and the carbon atom opposite to it, and in that 
case these lines would be depolarised. Hence for the planai stiuotnrc tlijcae can be 
only 3 (CII) oscillations of frequencies greater than 2500 cm~^ whicli are Polarised. 
Actually, liowever, there are six such polarised lines, as can be seen from table I. 
It can therefore be dehiiitely concluded that the structure of the pliperidine 
molecule is a puckered one. Probably one of these six lines is not due \ to any 
fundamental oscillatiou. 

In an attempt to identify the frequencies of oscillations of the ring, Kahovec 
and Kohlrauscli have pointed out that in the case of piperidine; =807 cm'"^, 
This line is intense and is observed to be well polarised by the present author, 
and therefore the aI)ove assignment vSeeiiis to be quite correct. The authors 
mentioned above have not arrived at any definite conclusion regarding the other 

0 

frequencies. An attempt may be made here to identify the other frequencies 
also, after the state of polarisation of the lines is known. In the ca.se of tlie 
cyclohexane molecule, each of the pairs of oscillations, ^1,2, gives 

a twofold degenerate line which is depolarised. When one of the carbon 
atoms is replaced by a nitrogen atom as in the pii)eridinc molecule, the degeneracy 
is removed and three pairs of lines are expected lobe ] produced by these six 
modes of vilnatiou. As can be seen from figure 2, of these vibrations a)|, o),; 
aud W7 ought to give polarised Raman lines aud wo, and <1)^^ depolarised Raman 
lines* As lias been pointed out by Kahovec and Ivohlrausch, w , ,2 in the case 
of cyclohexane can be identified with the line 425 cm“^, though the actual 
calculation, taking (u 1 equal to Soy cni”^ gives t'»i,2 = 5-o cm~^. In the case of 
piperidine the lines in this region arc 400 cm“^ and 4^^ cm^^ ; the former being 
polarised and the latter depolarised, they can rCvSpcctively represent wi and wo. 
Similar arguments lead to tlie conclusion that probably the lines 1035 cm" ^ 
1049 cm“\ J265 cm"^ and 1287 cni"^ represent <ug, ^5, wg and 0)7 respectively. 
Kahovec and Kohlrauscli have suggested that 0:3 lies in the region 755 
This line, however, does not seem to be well polarised ; on the other hand, 
the line 857 (o) is well polarised and may be identified with 0)3. 
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The existence of the line 1006 cm- i„ the case of hiperuline is confmnea 
hy Uie present investigation. There is also a polarised line at v.07 cm- which 
is feeble and was observed by Sirkar^ previously but the presence of this line is 
not expected from theoretical point of view. Probably, piperidine beine highly 
hygroscopic, a small percentage of molecules being acted upon by moisture 
L;ivcs rise to this line. 


lithylcnc diamine. 

It can be seen from table T 1 that of the two lines 3202 cm' ^ and 3360 cm"’ 
due to the N-11 vibration of the NHo i;ron.i> the former is well iiolarised and the 
latter completely depolarised. Since there are two NII«j ,eroui)S in the molecnle 
a knowlej:^e of their relative orientations in the molecule is necessary in order 
to ascertain which types of vibrations are resiumsible for these two lines. The 
structure of the molecule has been discussed by Zalin '' who lias concluded from 
the results of measurement of the permanent electric moment of the molecule 
that the observed value of /t ai;rees w ith the value calculated w itli the assump- 
tion that either (i) there is free rotation about the tw^o C — C bonds and about C~N 
bonds, or (a ) there is free rotation of the two j^ronjis in the transposition 
about the C — C bonds. It can be easily seen tliat if the two NII.^ groups were 
fixed in the trails position the molecule w’oiild possess a centre of symmetry and 
a plane of reflection and the symmetiic vibration of the tw^o NHo groups in 
])hasev|, (;r, i') w’ould be intense and well polarised in the Ivanian eflect but in 
that case the value of fj would lie zero. Hence the free rotation of the 
Nllo groiqis has to be taken into consideration. In tlie case (2) of such a 
free rotation of the NII^ groups about the C — N bond, the centre of 
symmetry as well as the ]>lane of reflection are aiiseiit foi' most oi tlie lime 
in one complete rotation and therefore the two grouiis vibrate indei)enden1 
of each other, there being alisolntcly no i»liaSL' relation lietweeii tlie vibra- 
titms of the iwo NH.^ groups, so that the polai isatioii character of these 
Raman lines deiiend on the character of the oscillations of the single 
groui) and thus the symmetric viliratioii gives the line 3202 cm ^ and the 
coiiijiletely depolarised line 33000111”’ (/>=7)isdue to antisymmetric vibiation 
of each group. At the time of such vibration, the CN bond also undergoes a 
little deformation but that does not alTccl very much the frequency of the vibra- 
tion of the NH2 groups, because even in the case of the ethylene molecule the 
vibration V| (tt, s) which entails an expansion and contraction of the C = C bond, 
the frequency is 371Q cin“^, /.c., onl}^ slightly higher than the normal value 
of the vibration of the comparatively free CH^ group. Kohlrausch lias 
calculated the angle between NH bonds and in the NH^ group by 
assuming the mean value of v {n) v (a-) and S (tt) to be 3313 cm \ 3367 cm 
and respectively. In the present case an attempt may be made 
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lo find the value of / and <>■ Ijy assuming a valence force system and with 



FlOURli 3. 


Fioure 4. 


the help of the simplified formulae, 

cos2 " 

and ^ (i - /O cos‘^ , 

m 2 

tliu values of / and a arc found lo be 6’u53 ^ dynes/ciii. and 107® 48' rcsiicc- 
lively. As regards the polarivSation characters of the two lines 2851 and 

2917 cin""^ , it can be definitely stated that both of these two hues are j)artia]]y 
polarised and none of them is completely depolarised. Tf it is assumed tliat 
the two CJlo groups are so arranged in the molecule that there is a centre 
of symmetry when only these two groups are taken into consideration, 
as shown in figure 3 the vibration antisymmetric to the centre of symmetry 
will be forbidden and only those symmetric to the centre of symmetry 
will be observed in Raman effect. The symmetric C — H valence oscilla- 
tion of the two groups in pluLSc with each other will be most intense 
and polarised and probably the line 2851 cm^^ can be identified with this 
vibration ; the other line 2917 cm^^ is probably due to the vibration shown in 
figure 4 in which the centre of symmetry is retained. If this view be correct, 
it can be concluded that there is no free rotation round the C-C axis in this 
particular molecule. Since there is no doubt regarding the free rotation of the 
NH2 group and as due to such a rotation the antisymmetric vibration of the 
NH2 group is completely depolarised, it might be expected that if the 
rotation about C^C axis >vere present, one of the Raman lines due to C — H 
valence oscillation would be completely depolarised. Since actually it is not 
so, the above conclusion, that probably there is no rotation about the C-C 



VI 
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axis is drawn. The angle between two C-H bonds in a CHa group calculated 
by applying the valence force system is about 105" 36' which shows that 
actually the angle may be about the tetrahedral angle. 

In conclusion, the author desires to ex]:)ress his grateful thanks to Prof. 
D. M. Bose for his kind interest in the work and for providing the author with 
all the facilities for doing the work. The work was carried on under the sugge.s- 
tion and helpful guidance of Dr. vS. C. Sirkar to whom also the author’s "best 
thanks are due. 
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Plate VI. 

ABSTRACT. The hyper-finc vStructurc of the 

spork .spectrum of arsenic has been studied and it is found that this line is a perfectly 
resolved, .sharp, regular quartet degraded to the violet. 'J'he components arc at intervals of 
iSU, US and 67. It is found that this line follows the interval and intensity rules with remark 
able accuracy. The aiialysi.s deHnitcly shows that the nuclear spin of ar.seiiic is 3/.* as previous- 
ly proposed by vS. Tolansky. 


INTRO D UCTION. 

No investigation lias so far been made on the liy])er-fine structure of any of 
the lines of the first spark spectrum of arsenic in the ultra-violet region. While 
studying the structures of these lines, the details of which will be found else- 
where, the A4336-89, sp^^D2-5P'^Di line at the ultra-violet border of the 
visible region was also photographed and studied. S, 3 olansky and A.. S. l^ao 
have both examined this line. Kao gets only throe components and Tolansky 
gets four as theoretically expected and observed here, but his last two comiionents 
as admitted by him {loc. cil,] arc not well resolved and as in his investigation he 
did not use a hollow-cathode discharge tube for exciting the lines so the structure 
of this line was again studied and investigated using a hollow-cathode discharge 
tube. Kxperience has shown that this is the only type of discharge tube which 
wilt enable the Doppler and .Stark broadening effects to be sufficiently reduced so 
as to obtain reliable numerical values of the stiuctuies. 

The gross-structure multiplet analysis of As II lines has been made liy A. S. 
Kao and his line classifications have been employed here. 


It was found extremely difficult to excite the arsenic lines in a hollow- 
cathode discharge tube. Tolansky had also observed in his paper on As U 

7 
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(/c7C. r^/.) that it vvDvS cxtrcindy difficult to sputter arsenic in a hollow-cathode 
discharge tube and that neither he nor lladami who was working with antimony 
(which is very closely related to arsenic) succeeded in getting the lines strong 
enough for observational ijurposes. In the present investigation an iron hollow- 
cathode tube of the form designed by Paschen and modified by {^chiller, about 
7 cm. long and j cjii. in internal diameter was used as the source. The tube was 
watei -cooled and pure helium was circulated continuously through the tube at a 
pressure of about one millimetre. The current employed was varied from loo to 
300 milli-amperes at about one-thousand volts at the source. The arsenic lines 
obtained were however extremely faint and unsteady although hydrogen was 
almost completely suppressed by the red-hot copper-oxide used in the circuit. 
A second hollow-cathode tube with twice the internal diameter of the first tube 
was also constructed and tried. The voltage at the source was raised to about 
2500 and the current was increased to 500 milH-ampercs but tliere was I not much 
improvement in the intensity of the lines until the purest arsenic frei from all 
oxide was used. This was then heated in vacuum and made to deiTpsit on the 
sides of the hollow cathode as a pure oxide-free coating of arsenic. A brilliant 
spectrum of As II was then ol)served. It was thus clear that neither tpe wddth 
of the hollow-cathode nor the complete suppression of hydrogen in the tube 
materially affects the sputtering action of arsenic or increases the brilliance of its 
lines. I'he princi])al condition is to obtain the arsenic as free from oxide as 
possible. This was obtained by deliberately omitting to heat the usual copper 
oxide furnace so that an appreciable amount of hydrogen was present in the 
discharge. 'I'he hydrogen in turn combines with the oxygen of the arsenic 
oxide coating finally reducing it to the pure metal which can easily be sputtered 
and which tlicn gives a brilliant arsenic spectrum in the hollow -cathode dis- 
charge. The water-vai)our formed is absorbed in licjuid-air cooled chabazite 
traps. Chabazite, as an absorbent in place of the usual charcoal, has the advan- 
tage that it does not absorb helium in any large proportion, so that the helium 
supply to the discharge has not t() l)c renewed too frequently. The fine structures 
of the lines were examined by means of tW'O quartz Juimmer jdates of different 
thicknesses in conjunction with a Ililgcr spectrograph. Ilford hypersensitive 
ranchromalic plates, of speed 2500 and also Ilford INlonarch plates, of speed 525 
were used for this portion of the spectrum. Four to five hours of exposure were 
necessary to get good photograidis in this region. The strongest component of 
the line investigated here is taken as the niani or null line and the separations of 
the remainder arc given, as usual, in iiiiils of cin'E jo"'\ 


A N A F Y S I vS. 

Hyper-fine structures are of two distiiic't types, one of which is attributable 
to nuclear magnetism, and the other to nuclear mass, nuclear configuration or 
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electrical charge. Ihe former arises when one and tlie same atom j)a!5.ses to 
diflerent energy states and the latter from two oi more distinct isotoi)ic 
atoms. It is possible foi both ty])e.s of structure to oecm together. IJiit since 
ansenic does not have an isotope, the structure obsetN cd lu re is only of the 
magnetic type. To account for the multiplet .structure the three (juantum 
numbers L. S and J which define the orbital, spin and total angular momenta 
respectably, are fully employed and hence in order to account for the hyirerdine 
.structure a fourth one is introduced. This is attributable to the nucleus, and 
with it is associated a magnetic mouteiit. 'L'his magiretic moment gives rise to a 
mechanical moment, usually i-epreseuted by //z/^a- wlicre / is termed the nuclear 
spin. The nuclear spin is capable of interacting with /. Hence the two vectors 
/ and y combine vcctorially to forma resultant (juantnin number, F, called 
the tine-sti-ucture quantunr number', giving the total atignlar momeiitirm of the 
whole atom. 'I'he values that F can ha\e are therr giverr by the vectorial 
reiatioii F=I+J, so that the total rrrrmber of combinations jro.ssible will be 
cf + I, or 27 + 1, according as y is larger or srmtller than /. Hence the gr'oss 
slructrrre term divides into these fine structrn-e levels, 'l'his then corresponds with 
the corrirliug of L and .b' to give a resrrltant ]■ Hut the energy of couplirrg between 
f and y is relatively much smaller and hence the resulting /<’ sub-levels lie clo.se 
together, and are then called the line-structure sub-levels, 'flie selection principle 
foirnd to oiierate in the productiorr of fine-structme, is that multiplet conrbinations 
w'ill occur bet weerr those sub-leveis for which /'■ changes by +r or 0(0 — +0 being 
excluded.) 'i'he analysis of this line which resrrlts from the combination of two 
levels is given here. 

Now, before this lirre can be analysed the strrrctures of the lines A | ioo._:;7, 
Si+’Di -d and A3720-3r, 5/rTli -/ which have the term in common were 

very carefully examined. Both these lines were forrnd to be single iir all the 
plates examined. It is expected, ther'cfore, that the structure in the term 
is either very small or negligible. Mor'eover, Tolansky has observed in 
his paper on ar'senic (/or. f/L) that the line A5.jo7-(),S, 5S'''y'ii -- .sfcTl | is single. 

It has been explained before that the irrunlrer of fine structuie levels of a term is 
given by 2/ "i 1 or ay + i (where / is the iruclear spin and J the total angrrliu' 
momentunr) according as which has the smaller value. So, the term 5.s'‘i'(i of 
this line remains single since the J vahre of this ter'rrr is eriual to zero 
(27 + 1 = 2X0+1 = 1). Hence it follows that the .structure in the term is 

very snrall and is not measurable. This Ihctr finally corroborates the coirchrsion 
that the 5 P^D] term is single. This terrrr, as will be seen, is present in the 
line A4336‘89 si) -57? “Hr, and this term being just shown to be single it 
follows that the quartet structure of this line is entirely due to and is the term 
structure of the term '’1)2. The observed intervals are 159, its and 07 and 
those calculated are 161, 115 and 69. The agreement is ther efore remarkably 
■^ood. The interval ratios obtained in this term are almost exactly as 7-5 i as 
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(Icniamled by a / value of 2 iiiid iniclcar spin of 3/2. The analysis of this line 
llien definitely proves that the nuclear spin of arsenic is 3/2. 

The photORrai)h shown in figure i, Plate VI clearly shows that this line is a 
perfectly resfdved, sharp, regular quartet degraded to the violet. The term and 
the line structure are shown in figure 2. 
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It may be remarked here that the examination of the structure of another 
As II line A3948-74, sP^Pi (found to be a sharp, well resolved, 

regular quartet degraded to the violet ) in the ultra-violet region, the analysis of 
which will be found elsewhere, supports this investigation and indicates that the 
nuclear spin of arsenic should be 3/2. 

In conclusion the author wishes to thank Prof. O. W. Richardson, F.R.S., 
N.L., in whose laboratory at King s College, Condon, this investigation was 
carried on and Di. W. E. Williams for all the hel]) and facilities he gave him 
during the course of this work. 
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Plates VII and VIII. 

ABSTRACT. Idcctrodenosiled ihroiiiiniii and gold Iiiive ken .>!(udied by the X-^a^■ 
powder inetliod, showing .some eorreLation between current density and .scleclive orientation 
and between hardnc.ss and breadth of diffracted lines. White Hne.s, appearing as absorption 
ones, are reported in photograms of ehroniiiiin. 'I'hc origin of the.se is partiallv suggested, 
(told depo,sit.s, eleetrolytically, obtained from baths, at different temperatures arc found to yield 
diffraction lines, inter.sper,se<l with spots, confirming thereby the a.\iom of Dancroft that 
lowering the temperature dimini.shes the size of erv.stal-grains, Intensity measurement has 
been made for lines of planes 11 1, 200, 220 317 and 222 of gold for different temper tures and size 
of grains has been calculated foi- chromium and gold at different current densities. 


1 . I N '1' R ( ) I) U C 'I' 1 O N . 

Clark with his co-workers and others ^ have luatlc X-ray studies of 
electrodeposited metals in order to find out conditions controlling their brightness 
hardness and other phy.sical characteristics. X-ray examination has .shown that 
electrodeposited metals have, generally, a crystalline structure and that the 
princi])al differences in the appearance and jiliysical properties are caused by 
differences hi the size or shape of the individual crystal grains. It would be clear, 
therefore, that such a study has a great importance in the industrial field. 

W. D. Bancroft,^ as far back as 1904, formulated certain axioms, regarding 
the structure of electrodeposited metals. ( )ne of these axioms may be stated 
ligre with advantage. This is 
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(i) Increasing the current density, increasin^^ the potential difference at the 
cathode or lowering the temperature decreases the size of the crystals. 

It should be emphasised that at best these principles, which are based on 
empirical data, are only a rough guide and it would be interesting to find out if 
modern investigations support or contradict these axioms. 

Colour, lustre and wear resistance arc some of the requisites which an 
clectrodeposited material has to satisfy according to specific requirements and 
careful rCvSearches and extensive data are therefore required to settle factors, such 
as fineness of the grains or distortion of the crystal lattice or both which control 
the specific physical properties, the specimen has to exhibit. 

In a recent paper, Basil and Hussain ^ have studied the variation in the 
degree of orientation of metal grains of silver with the variation of current densities 
and the breadth of diffraction lines with reference to the hardness of the surface of 
c1ci)osit and the size of metal grains. They also sought to find whether the same 
degree of crystalline orientation persists in all the crystalline planes. \ 

With the same ])urpose as described in the earlier ]>aragraph, as also\ with 
a view to test the truth of Bancroft’s axiom quoted already, investigations \have 
been undertaken by the present authors Avith chromium and gold, electrofieposited 
with different current densities. In the case of gold the effect of temperature 
variation of the bath on the deposit has also been studied. 

^ C TT R O M I TT 1\T . 

Levi and Tabet ^ have examined electrolytic chromium deposits by 
Scherrer's method, Photograins taken exhibit marked differences in the maxima 
of intensity and in Avidth of lines for different preparations. Tlie dimensions of 
particles have also been calculated. The detailed paper of Levi and Tabet is not 
available to the present authors, but from the abstract of the paper it appears 
that they AA^orked with specimens obtained from different solutions, but not Avith 
specimens obtained Avith different current densities in the same solution as in our 
case. Moreover, the study of electrolytic chromium is desirable in view of 
important work of Bradley and Ollard suggesting an allotropy of chromium in 
elec'trodeposition, w ith a characteristic iieAV lattice. 

3 . P R P: r /\ R A T I O N O V S r K C I“M E N S . 

Specimens Avere obtained by depositing chromium on copper wires at different 
current densities, under exactly similar conditions with particular attention to the 
equality in the thickness of the deposits. Copper Avires to be electroplated were 
first scratched with lime, then washed wuth alcohol and benzene, etched Avith 
dilute nitric acid (lo % solutiou) and finally washed with distilled water. Parts 
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of the copper wire not to have the clej^osit were covered with a coating of inelled 
paraffin wax and resin. The electroplating bath consisted of the following 1“ 

Chromium Oxide pure (Merck) ... 12s gins. 

Concentrated Sulphuric acid ... j‘25 gin.s. 

Distilled water ... 500 c.c. 

The solution was wanned and left overnight. The anodes were two plates 
of lead on either side of the cathode. A salisfacLory^deposit n as not obtainable 
with a current density below ho in. A. and no deposit, at all, could be obtained 
with a current density below 50 ni.A. Tabic I indicates the conditions of deposit 
on different specimens. 


Tabi.k 1. 


Specimen. 

Diaiiutcr 
of cr)ppcr 
wire ))cfore 
dtfpfhsil. 

1 

Current 
(loiistlv in 
iiiA./Stj.cni. 

Time* of 

i 

Dianielrr of 
specinu'ii 
after 
lieposil. 

iViniiiT n- 
ture of 
llie bath. 

1 

i 

Relative | 
brigliliies.s. 

Degree 

of 

hardness. 

I 

O'S] m.ni. 

rio 

12 firs 

1 

1 

1 

0-94 in. in. 

1 

I()O*l)0 

JOO 

- 

! 

Ho 

1 () Ill's 


1 1 

' .VJ 



' 1 1 

lOO 

i 

M 

1’ 


168 

•1 

11 

i:!o 

1 

i ^-.s 1. 

- 

11 

C|.>‘5o 


5 

i .. 


i .V5 „ 

! 

11 

>1 

T22'00 

2C).S 


.) . 1C S T 1 M A 'I' TON O V 11 R 1 O II T N Iv S S . 


In order to estimate the relative brightness, all the siiecimens w'erc dipped 
in absolute alcohol for a thorough cleaning of tlie surface and weie then 
iihotographcd. Relative brightness was measured in the same way as was done 
with silver earlier* Micropliotographs for different specimens aic shown in lignie 
I, plate VII. The calculated values for relative brightness are given in the .seventh 
column of table I. All values are computed taking' the biightness foi the 
6o 111. A- surface as loo. 

The relative values of brightness given in table I as calculated from 
figure I show that they do not vary regularly with the incicase in cuiient 

density. 

According to their appearance, chromium deposits fall into four classes, 
between which, however, there is no sharp dividing line. These arc (aj milky, 
ib) bright, (f) frosty, (d) burnt in the order of increasing current densily. ' Frosty 

8 
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and burnt deposits are usually an evidence of too high a current density for the 
prevailing teinperalure and the diminution of brightness with current density 
150 ni.A, may be due to tlii.s cause. 


5 , n X p n R I iM n n t a h . 

The powder method as developed by P. Del^ye and P. vSeherrer ^ was 
adopted to obtain the did ractiou spectra. P' or this purpose a freshly .sealed Iladding 
tube with an alujuiiiium window of 7/x thickness was taken. A copper anticathodc 
and su])er si)eed selociimme films were used. The juocess of development was 
on the same line as with silver.'* 

Kxi)Osnrc was first .i^iven for all sj)ecimens, for 10 hours, the current and 
voltage of the tul)e being 10 m. A and 50 k. V. res])ective]y. No diffraction line 
was obtainable with any of the specimens With an exi)Osnrc of 20 |ionrs, a 
shmle diflracted line (from face with indices 1 10) could lie obtained and ^hat also 
with sj>ecimens of 130, 720 and 100 in. amp. current densities only. P'^giire 2, 
plate VIII shows the intensity of diffracted lines w ith difTerent specimens. (Black 
spots on lines of jdiotograins in figure 2 and in figure 4 for current density 5 
in. A. are due to ink marks, put for the convenience of measurement on the 
negative.) ItAvill be observed that the intensity of the diflracted line for the 
specimen of too in A. current density, is very vNeak. The calculated intensities 
by niicrophotometer method were reduced in terms of the intensity of no 
line for the current density 100 m A. which was found to be minimum in our 
case and is expressed as lOo, Kelative values are given iii table IJ. 

6 . n u p: a I) r 11 a n d 11 a r d n b s s o p s p n c t r a l pin p: . 

'iTic breadth, as measured from microiihotograms in the usual way was 
reduced to the correct value with the help of the magnification ratio and also 
corrected for the true breadth of component aj by the formula deduced by 
Brill, « 

The hardness of the deposit was estimated as in our experiment with silver 
and our thanks are due to the authorities of the Bihar liiigineering College for the 
use of their aiJparalus. Comparative values with respect to the hardness of the 
specimen obtained with the lowest current density, 60 in this ca.sc, are given in 
column 4 of table II. 

There was some difficulty in making reliable measurements of the absolute 
hardness as boundaries of indentations were not always clearly marked and 
therefore relative values are given. 

As the line in this particular case, has been attributed to diffracting particles 
of a cubic structure, the average size of crystalline particles has been calculated 
with the help of Scherrer's formula as W'us done in the case of silver. 



X-ray Studies on Electrodeposited • 

pomed Lhromium and Gold 223 

The breadth of the line for diilerent specimen. • ■ 

with relative vahies of hardness and averio . x i r a’ong 

value of the size of the grain 


Taht.k 11- 


Current 
density 
in m.A. 
per square 
cm. 

Indices 
of the line 
measured. 

hreadth 

of 

the line. 

Degree 

harduexss. 

Average 
size of 
the grain. 

InliMisitN 
of ’ 
II1V line. 

iNelalive 

hrightiles 

100 

110 

0-28 111.111. 

168 

1 

77.,' X u)~^('in. 

100 


120 

> j 

o\')(> m.m. 


j-iS X in 

207 


130 

1 > 

o.fio in. 111. 

20S 

t**xSo X JO f'cni 

1 L > 

122*00 


7. DISC trs.S ION . 

Acc'ordiug to accci)tecl view, chroiiiiiiin consists of body centred cubic 
crystals and the diflraction spectra should indicate the existence of at least no line 
which is fairly strong • We could ])rovc that the only line obtained by us with 
chroiniuin is d\ie to the idanc of indices no. 

Tolanyi ^^Mias shown that in ca^se of selective orientation of crystallites, 
there will no more be a uiiiforni intensity distribution in lliu reflection cone 
Avith the incident beam as axis, as will bu the case when there is random 
distribution of crystallites and in consequence lliere imisl ensue ,stronL» deviation 
of intensity accord iii.t; to xSelcctivity of orientation, h'. Kirchiier, * ^ in siii)i)orl 
of the above fact, records tlic deviation of intensity of rii and :joo lines of 
aluminium, which is cau.sed by dilTerciit orientation of crystallites. He also 
records the sup])ressioii of :j20 line when the Al foil is xSO orientated that the 
direction of rolling is normal to the axis of the C3dindricai camera. 

On examiiiini; the intensity of i jo line for dineieiil current densities, it will 
be observed that the iiilcijsily of the line for cniTent density loo m.A. is very 
weak compared Avith the intensity of the same line with current densities, ijo 
and 130. Also, as has been staled earlier, no visible indication of the line could 
be obtained with specimens of current densities So and 6o although the time of 
exijosure was pushed to 20 hours. In the process of clectrodejjosition, there is 
then selective orientation of crystallites, quite in agreement aauIIi our observation 
with silver and the observation of Wood.^^ 

Wc should confess that our choice of copper target was nol a hai>py one as 
there is a likelihood of a little blackening of the film to be caused by the 
characteristic radiation Avhich A^'i]l be excited in chrominm by the intense 



224 


S. Basu and M. Hussain 


Ka radiation of copper. However an inspection of the general blackening in 
figures shows that the effect, if any, was certainly not sufficient to obscure 
other lines. vSupi)ression of lines may also be due to the presence of various 
impurities in measurable proportion, in the specimen but chemical tCvSts made, 
have shown that there is hardly any imimrity present in specimens used by us. 

In 19:26, Bradley and Ollard ■'* reported that in electrodeposited chromium 
there was presence of allotroi)y. They stated that atoms formed a structure, 
which was almost hexagonal and they gave inter-planer spacings for various 
lines, of which the diffraction line (1011 as recorded by them) had been found to 
be very strong. In 1927, vSillers, analysed, by the powder method, the 

electrode] )Osited chromium in both the bright and burnt or grey condition and 
showed that no indications were obtained of an allotropic form of chromium. In 
our idiotograjiis, too, we could not trace an indication of any line due to 
hexagonal lattice in spite of there being a very strong line. j 

S. A NKW A PPTv AR A N C IC. ^ 

1 

Before concluding our discussion with electrodepOvSited chromium \it is 
important to draw attention to an interesting peculiarity, which is noticed in 
all photograms obtained l)y us with ehrominm. It will l)e found on an inspection 
of figure 2, plate VIII that while lines appear at angles less than that for no line. 

The curvatures of these lines are in the same direction as those for the 
black diffraction lines and the effect is maximum with the specimen of current 
density of 130 111. A in which also the selective orientation is considerable. 
Suspecting that the effect might have been due to some defect in the camera, 
the casette in which the film was taken, as also the paper covering of the camera, 
were changed. This made no difference and the effect x^c*rsistcd. Hence it is 
supposed that this peculiar effect must be associated witli the specimen. As far as 
authors are aware, there is no previous record of this kind on any X-ray diffrac- 
tion ])hotogram. The persistence of the appearance with curvatures in the same 
direction as u itli those for dark lines leads us to supiiose that these cannot be 
spurious, 

Diffracting angles for two white lines in one photogram (130 m.A.) were 
found to be near about 10 '3 and 16*5 degrees. Chroiniuni was deposited on a 
wire of coj)pcr and both these materials possess cubic structure. Let us suppose 
that these white Hues are due to a .substance of cubic structure. The formula 
for diffraction states that 

nX = 2 dnki sin ■ ... (i) 

and dhhi niay be expressed as duki ^ 

SI 





225 


X-ray Studies on Electrodeposited Chromium and Gold 

where a = length of cube edge 

hk 1 = Miller indices of a crystal face. 


Therefore n\ = 2 d 1 , t j sin 0„ = __ 2 sin 0„ a — ^ 

^ + /a 


... (2) 


whence A,^ = 4 _ 4 siii” 0 „ti^ 

whence A + 4,2 + 


... (3) 


where h\'^ = h^ii'^,h% = k'’^n‘^ and = 


y . ‘ 2/3 

Mqiialion (3) may be written in the form ^ = /m ^ 


The right hand side of this ecjuatioii is always integral and all but sin- 0 ^ on 
the left are constant for this photogra])h, assuming that both lines are due to a 
structure having the same value of a. Hence the ratio of sin- On for any two 
reflections wdll be equal to the ratio of two integers wdiich, at least for the most 
prominent lines, w’ill be small numbers 

In our case “ 2'S2 W'hich nearly equals the ratio ^ =2*66. ISiow 

sin" Ocj " 3 

(/^i, //2 j values of two strong lines of a face centred cube are (111) and 

(220) whose -r values are 3 and S rcs])cctivcly. The value of a, 

when calculated on the basis of the above assuni])tion comes out to be 7*6 A.U. 

With the data available from the present cxijcriments, it is difficult to identify 

this value with the structure of either of the two metals, in their usual form of 

crystallisation- We intend to examine this Jjoint later in details. Whatever 

might turn out to be tlie structure that gives rise lo these lines, we are inclined 

to ascribe their appearance as absor])tion instead of emission lines lo the process 

of pliotograifliic reversal. 


9. n o D 

Klectrodeposition of gold has been studied by the powder method l)y vary- 
ing not only current density but also the temperature, 

10. SPECTMKNvS. 

Specimens were obtained by depositing gold on copper wires. Copper wires 
w^ere put to the same preliminary treatment and cleaning as in the case of 
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chromium with the exception that the protecting varnish consisted of celluloid 
dissolved in a mixture of aniylacetate and acetone. The electroplating bath was 
Violation of the following constituents : — 

Gold chloride crystals 4 grins. 

Potassium cyanide 15 gins. 

Distilled water ... -500 c. c. 

The anode was of extra i)urc gold supplied by Messrs. Leybold of Germany. 
No satisfactory deposit could be obtained with a current density below 3 m. A. 
Conditions of deposit on different specimens were identical in all respects except 
for variation of current densities and temperature. 

While deiiositing at high temperatures, the concentration of the bath was 
maintained constant by adding distilled water from lime to time so as to keep 
the level of the solution in the bath to the same height. Temperalme was 
sought to be kept constant by a lliermoslat arrangement, but as the tprie of 
de])OvSit of a layer of o'l 111. m. thickness was rather long, there had been^slight 
fluctuation of temperature, l^articulars of deposition are given in table III. \ 


Taiujc III. 

Current density varying. Teiiii). cunslanl = iq' C. 


SiKCinien. 

Diiiineler (.)i 
copper wire. 
l)cforc- deposit 

Current 
density in 
ni A.peM' 
sq ein. 

IJiaiiieter 

ol 

speeiiiieii 
after deposit. 

» 

Time (.)f 
deposit 

1 

Relativi- 

brii^litiRss, 

3 

o'g mill 

3 

j nun 

1 

lirs. 

loo 

0 

■ i 

5 


7 Ill's 

15" 


- 

; 7 


5 lirs. 

i6f) 


Temperature varying. Current density — 7 111. A. 


vSpecinien. 

Diameter of 
eopper wire 
before deposit. 

Temp, of bath. 

Diameter of 
tile speeimen 
after dejinsit. 

Relative 

brightness. 

I 

o’9 nim 

i 9 ”C 

I mm 

100 

2 


40*0 


128 

3 

1 1 

SoX 

II 

102 
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IXstunation of surface lustre has been made by ijhotoj>raKliic method as in 
the case of chromium. lu all cases, value.s are computed, taking the lustre of 
No. I specimen as H)o. It is to be noticed that the surface lirightuess as measured 
from the density of blackening in figure i does not vary regularly with rise of 
temperature and the brightness of the specimen with current density 3 m. A. 
is tnarkedly low. This is due to the fact that with such a low current density, 
the deposit tends to be reddish. 

It has been shown by X-ray diffraction that gold consists of face centred 
cubic crystals and Davey''^ has shown that lines diffracted from planes of indices 
III and 311 are stronger than others. In our experiment we have examined 
the intensity of lines diffracted from jilanes 1 11, 220, 311, and 222 of different 
deposits of gold. Temperature is exjiected to alfecl the rate of de])ositiou and 
different rates of deposition will grow grains of different sizes. Also it is 
quite possible that there would be better orientation of crystal giains with slow 
rate of deposition, causing variation in the intensity of resulting lines of 
diffraction. 


II. tv X P J{ R 1 M n N T A L. 

The procedure adopted either in obtaining ])hotograms or in measuring 
intensity of different diffracted lines, half-breadtli, hardness and size of grains, 
was exactly the same as was followed in the case of silver in an earlier paper. 
With gold good diffraction lines were obtained with an exposuie of only 
10 hours. 

Mean maximum values of intensity for various lines are given in table IV. 
The various calculated intensities were reduced in terms of the intensity of iii 
lines of the first specimen of the table. 


Taupe IV. 


Current Density Varying. Temp Const. = iy°C. 


CnrreMit 

Plane 

Plane 

Plane 

Plane 

Plant* 

Relative 

densitv. 

III. 

200. 

-J20 

3 * 1 - 

on 

i 

Iniglitiiess, 

3 

loo'o 


86 '4 

‘\S ' 

57‘i 

100 

5 

77-8 

63 ’5 

80 ’0 

82-1 

35*9 

150 

7 

^1-4 

2 /\‘S 

70-7 

7^ ‘3 

22*1 

160 
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Temperature Varying. Current Density Const. = 7 111. A. 


Temperatnre. 

Plane 

1 

Plane 

Plane 

Plane 

Plane 

Relatve 


111. 

200. 

220. 

311 - 

222 

Brightness. 

icj°C 

100 

6o‘i 

1710 

i8oo 

88- 1 

TOO 

4o»C 

114 

760 

243‘5 

231-0 

108 ’7 

128 

5o”C 

^^5 

1 3^‘5 

1 

251-0 

91 '5 

74' 1 

102 


It is found that in cases of lines from specimens obtained with different 
current densities, there is diininution of intensity with increasing current 
density and figure .1, plate VIII shows visually also that the intensity diminishes 
as current density iiici eases. 

But tliis diminution of intensity does not follow the same coursie as the 
lustre of coalings as we have noticed with silver and chromium. It is to be 
remembered that silver and chromium give a white surface whereas with gold 
the surface is yellowish in colour which becomes brownish as the current density 
deminibhes. Hence the photographic method and the microphotometric m^asur- 
ment in the usual way are not expected to yield a correct estimate of the 
intensity of brightness. 

On comparing intensities of different diffraction lines obtained with speci- 
mens at different temperatures from figure and ta 1 )]eIV, it is noticed that the 
intensity variation is not regular with the change of temperature as it changes. 
Intensity of lines for the specimen at 4o'"C, surface lustre of which is maximum 

0 

is the strongest whereas intensity of lines at 50*^0 is the weakest and lines from 
iiT and 200 arc tending to become suppressed. In case of gold, also, it is then 
coniirnied that there is marked variation of orientation of crystallites whenever 
there is variation in the rate of deposition. Again the greater intensity of lines 
from jdanes 2.20 and 311 as comi)arcd with that from in shows that so far as 
the degree of orientation of cryvStallites is concerned, certain planes are more 
favoured than others and in our case this favoured orientation persi.sts even at 
higher temperatures, an observation recorded earlier by Kirchner and Friaiif 
with metals raised to high temperature. 

Diffraction i)icture of figure 3 has been obtained with specimens electrodeposi- 
ted in baths of different tem]K‘rature and it is observed that lines at higher 
temperatures are interspersed w’itli spots, proving that crystallites have grown in 
size with rise of temperature of the bath. This observation is also similar to 
that of Kirchner and Friauf, who experimented with A 1 and molybdenum 
at higher temperatures and it supports also the axiom of Bancioft that low^ering 
the temperature decreases the size of crystals. 

In the following table is given the breadths of different lines, corrected by 
Brills formula, along wdth comparative values of hardness and aveiage value of 
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the size of the grain. Hardness is given in terms of the hardness of the si>eeiuieu 
of current density 5 111. A as 100. 

Tahi,K V. 


Current 
den sit}' 

Plane 

III. 

Plane 

200. 

Plane 

220. 

i Idane 

i 

Plane 

222. 

Degree of 
lia rdiiess. 

1 Average size 
of the grain. 

5 

1 

t)'34 linn. 

024 111111. 

o'34 111111. 

! 040 111111 

u‘ 36 mm. 

100 

1 

i ’6 X 10 ■' eni. 

3 

0 36 null 

0 32 niin. 

o' 38 iiiiii 

1 

1 0 50 mill. 

('■40 111111. 

104 

i '35 ^ rni. 

7 

o’ 48 linn, 

0 38 linn. 

0*42 nmi. 

i 0 56 mm. 

1 

o'44 mm. 

112 

jr2 X !(► « t in. 


From a study of table V it is noticed that here also no regular relation has 
been established between the degree of orientation and hardness but the breadth 
of lines inci eases as the liaidness increases, thus our observation in case of 
silver, gold and chromium confirms an association betw een the bioadening of the 
spectral lines and the hardness of a metal. 

An increase in the value of half breadths is exi>ccted as the angle of diffrac- 
tion increases Init an irregularity is noticed in our measurement and this i)ersists 
in all specimens. This leads us to think that particles of a particular size are 
orientated more favourably to give rise to one j)arti('u]ar crystal face than another. 
vSimilar variation was also noticed by us with silver. 

In conclusion, we beg to ofler our heartfelt thanks to Prof. K. Prosad, ll.A. 
(Cantab ), I. ICS., for his helpful discussion and encouragement during thei)rogress 
of the w’ork. He has also IfCeii kind logo througli the_.nianuscri])t. We also 
thank (nir colleague, Mr. P. N, (Ihosh, who luis taken miciophotogi aiiis for us. 

Ts'ote added in ])roof : — W. A. Wood, in his i)a])er on the Lattice dimensions 
of Electroplated and Normal Chromium (Phil. Mag., May,, Tg;:\7) has referred to 
the extremely diffuse nature of diffraction lines from bright electioi)laletl 
chromium ; it may be that the alrsencc of many lines on our plate is due to tliis 
reason. 
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FREE ROTATION IN THE OXALATE GROUP AND THE 
RESONANCE BOND OF CARBOXYL. 

By JAGANNATH GUPTA. 

ilU^ccivcd for publication, July jr;-;.) 

Plate IX. 


ABSTRACT. Ihe cxisleiice of axial rotation of the oxalate group about tbeC-Caxis, 
postulated from an analysis of tlie modes of vibration of tlie group by the author in a previous 
paper, is confirmed by showing that tlie sharp Raman line at 1300 wavenumbers observed in 
the spectra of the ()xalates in solution, which is “forbidden” in Raman effect if the ion remains 
rigidly planar, is totally absent in the spectra of the solids where the ion is kiioun to remain 
planar in several oxalates from results of X“ra\ analysis 'I'lie hypothesis ot free rotation is 
lireferred tr» a limiled axial oscillation about the W configuration. 'J'he band at i6-»o wave- 
numbers is identified with the anti-symmetric vibration of the ionised carboxyl gi'oup 



and connecting this with the crystal structure data for the O-C-O angle, the 


^'aluc of the resonance bond (C — (.)) is calculated, 'riic value is inteiineiliate between single 
and doubh' bond values, but approaches mure towards the single bond. 


The classical inctliod of struclural formulation of organic compounds does not 
specify any particular configuration in cases where axial rotation of groups is 
apparently possible about a single bond, e.g., in molecules like 
ClaHC-CH Clo, H()2C-C02H, CI3 Si-.Si Cl.i, etc, but presupposes completely 
free rotation about these axes. Such a prcsupi)osition is, however, true only in 
a very limited number of cases ; for, iu most of these molecules, the free rota- 
tion is hindered by the mutual interaction of the grou])s.^ The potential energy 
values at different positions which such a molecule may assume during the axial 
rotation can be calculated by the ijuantiiui mechanical method developed by 
Slater,^ and the maximuin diflcreiice between the two extreme values is often 
found to exceed kT at room temperatures (ca. 600 calories per mole) whicli indi- 
cates considerable restriction of rotation. Ivven in a molecule like ethane, where 
free rotation about the C-C axis was accepted definitely,'* the experimental 
detenninatioii of entropies from calorimetric measiircmeiits^ and its comparison 
with the values obtained from statistical nicchanicar'' and perturbation” calcula- 
tions indicate the existence of a potential barrier of well over 2000 calorics per 
mole, thus restricting to a high degree any internal rotation of the methyl 
groups. 
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It is thus apparent that such an axial rotation of groups about a single bond 
is more often restricted than allowed. When, therefore, in attempting to analyse 
the modes of vibrations of the oxalate group from the observed Karaan frequen- 
cies, it was pointed out^ that in the aqueous solutions, the oxalate ion 




does not always maintain the V symmetry observed in the 


crystals of several oxalates/ the suggestion was unusual and waited conlirmation. 
The reason for this extraordinary statement was that the sharp and intense line 
1304 observed in the spectra of the oxalate solutions, and whose origin could be 
ascribed to 110 otlier mode of vibration of the oxalate group than the symmetrical 
one (fig. i), is, from polarisability considerations, a forbidden line in Raman effect, 



Figure 1. 


if the ion is assumed to maintain the symmetry V/,. In order to explain the 
obseivcd high intensity of the line, the hypothesis was advanced that in solution 
the V/, symmetry is non-existent, owing to axial rotation of the #(C() 0 ) groni)s 
about the axis C-C, with the result that the nett change of polarisability is con- 
siderable. 

This hypothesis of free rotation, it was argued, could be tested by examining 
the Raman spectra of oxalates under conditions where such a rotation is impos- 
sible, t is., in the ciystalline state at room teTni:)eratnre which is far below the 
melting point, and comparing the intensities of the Raman lines recorded in the 
two different states, — the line 1304 in particular, whose very origin in Raman 
effect is associated^ with free rotation of the COO groups. 

In the present investigation, therefore, the spectra of two typical oxalates, 
potassium and ammonium, have been examined both in the solid state and in solu- 
tion. The configurations of the oxalate group arc known in these two cases 
from results of X-ray analysis, being planai in one,® and-the (COO) planes being 
inclined to each other at 28^^ in the other. ^ ^ The alkali oxalate solution is exa- 
mined at two different temperatures to observe any effect due to rise of tempera- 
ture on the scattered spectrum. 

A second point of interest that has been raised and discussed in the present 
paper is the nature of the binding forces between the carbon and oxygen atoms in 
the ionised carboxyl group ( — COO)''. It is well-known that the salts of carboxy- 
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lie acids completely fail to exhibit the normal characteristics of the carbonyl 
group, assumed to be present in the molecule from classical concepts of valency, 

f 

viz.,! j , both from the standpoints of reactivity and unsaturatioii. Ivxa- 

minations of their Raman spectra have revealed the remarkable fact that the line 
1720 wavenumbers, vvliich is normally strong, and is attributed to the inner vibra- 
tion of the C =() group, is iolally absent, although present with its usual inten- 
sity in the esters. Results of X-ray analysis have often indicated equivalence of 
both the oxygen atoms with respect to carbon while differences in the dis- 
tances recorded in some cases^ •’* are only slight, and apparently within the limits 
of ex]ierimental error. The group therefore appears to exhibit a true resonance 
between (C — O) and (C = 0 ) groups, In the iDresent paper, an attempt has been 
made to identify some of the observed Raman lines of the salts witli the inodes of 

j group, where the thick line represents the resonance 

bond in place of cither the single or the double bond, and hence a value of the 
force of resonance, assuming equivalence of the two bonds, has been calculated 
with the help of the valence force system. 

p: X P K R I M K N 1' A L . 

Recrystallised lumps of transparent polycrystals of i)otassium and ammonium 
oxalates were obtained by sieving and hand-picking from large amounts of 
recrystallised samples. The spectrograms Avcrc recorded by the method of 
complementary filters. 

The aqueous solutions (nearly saturated) were prepared with usual precau- 
tions from the purest samples, freshly recrystallisecl. The spectrogram of the 
solution of potassium oxalate was recorded at Iwo different tempeiatuies . one at 
room temperature (3i°C) and the other at with the help of a cylindrical 

electric heater w hich surrounds the Wood’s tube on all sides but one to icceivc 
incident radiation from a quartz mercury arc. The relative nitensities of the 
lines in the two spectrograms were compared and found to remain unchanged. 

O O 

Aninioniuin oxamate C C w^is picpaied by the hydiolysis of 

/ \ 

HoN ONH^ 

oxamethane with strong ammouia. The free acid was precipitated by acidifica- 
tion with hydrochloric acid, and its purity confirmed by the melting pouil 
(210*^0, with decomposition). The free acid was suspended in pure redistilled 


vibration of the — C 


n/ 
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water and ammonia gas was bubbled through the suspension, wdien the acid 
dissolved with the formation of the annnoniuni salt. The solution was filtered 
and filled into the Wood's tube with usual precautions. 

The results are tabulated below?, and some of the spectrograms are 
reproduced in Jdate IX ■ 

Raman Tines in w’avenumbers per cm. Figures in paranthcscs indicate 
relative intensities of lines (visual). 


Potassium oxalate. 

Ammonium oxalate. 

1 





Ammon oxamatc. 



1 

( 


vSolution. 

Crystals f 

Solution. 

Crystals. 1 | 

Solution. -1 



-05,(1) 

1 


1 

1 

1 





i.vvi) 









iM d 

\ 

u.)8,s^ib) 









i.V’.S' i) 


j.l()o*(,l) 



i ] 








-SSsl^h) 


ititjoi-) 



>?00o(3b) 




1 



.U7.S 


1 

1 

1 

3 3 as 


1 ) 1 s c' r vS s 1 ( ) N ( ) I' u K s r b 'r s . 

(.1) Free Rotaiion, 

It can be seen from the preceding table, as w^cll as from the spectrograms 
reproduced in Plate IX, that the line 1304 of the oxalate ion, which is extremely 
sharp and intense in the spectrum of the solution, is totally absent in that of the 
solid state. This cannot be due to an insufficiency of exposure in the case of the 
solid because, in the case of the solutions where the line 1304 is visible, the 1460 
dou1:)let is recorded w?ith less intensity than in the solid : nor due to any fall of 

* Close doublets. 

I (500-1500) and (iStxHooo) wavenumbers. 

luir a more complete data (lines in other regions), see Oupta, 7nd. /. P//y5., 10, 199 

(1936) . 
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sensitivity of the plate used for photographing the spectniin of the solid, in the 
region of AV1300 (exciting radiation llg 41)47 A), because the same variety 
of plates (Ilford's Special l^apid, H and 1 ) 270) was used for recording the 
spectrograms of both solids and their solutions. This fact therefore clearly 
confirms the vieu ^ regarding the existence of axial rotation of the (COO) groups 
in the oxalate ion in solution. 

Similar conclusions were arrived at by Marlin and bartinglon ^ ^ from 
measurements of the dipole juoment of oxalyl chloride. From a cum]>aiison of 
the experimentally determined value with theoretically deducible values by 
Zahn’s method, they postulate the existence of free rototion or axial oscilla- 
tion of the COCl groups about some stable form. In the ])resent case of the 
oxalate ion in solution, the hy])othcsis of free rotation is preferred to that of a 
limited axial oscillation about the V/. configuration, for the following reasons : — 


(1) In the spectrogram of crystalline (jxalate, where the j)lanes of the 
Jiiolectile are known ^ to be inclined to each other by 2*S°, the line j 304 is not 
recorded with any ap[)reciable intensity, showing that a slight departure of the 
oxalate ion from the V/, configuration is not sufficient to explain the intensity of 
the said Raman line. 


(2) The relative intensities of the Raman lines of the spectniin of potas.siuni 
oxalate solution remain unchanged at two different temj)eralures. If axial 
rotation of the (C( )()) groups were restricted to any extent at room temperature, 
an elevation of temperature would have augmented this rotation, resulting in an 
increase in the intensity of the line 1304 as compared to other Raman lines of the 
s]Jectrum. 


O 


The substitution of one of the carboxyl group by — interferes grea tly 

^Nfla 


witli the iiilra-inolccular rotation as may be seen from tlie vaiiisliing intensity of 
the 1304 line in the spectrum of IJie oxamate. The restriction of intramoleenlar 
rotation due to the incsence of the amino grou]) is notewortliy, ajid have been 
observed by Clioudliuri ^ ^ also. 


(il) The Jorcc of Resonance 


y 


o 


I) 


It can be observed, on comparing the spectrograms of potassium and 
ammonium oxalates in the solid state and in solution, that, apart from the 
variation of intensity of the line 1304 in the tw'o stales, other lijies attributed to 
vibrations of the €21)4 group, c.g., 89S and 1460, do not undergo any considerable 
change of position, so that the structure of the group may be assumed to 1)e 
essentially the same in both the states. The X-ray data for ammonium oxalate 
crystals ‘ ^ and the spectral data for its solution can therefore be correlated. 
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The method of calculation here adopted, viz., the acceptance of certain 
frequencies as inner frequencies of a portion of a molecule, is quite in accord 
with empirical observations, and is not in conflict with some of the methods 
recently developed. A simide calculation is here made on this basis for 
determining the magnitude of the resonance force of the ionised carboxyl, 
from the value of a known accurately from X-ray analysis, and the result 
may not be expected to be greatly in error- ^ 


The anti-symmetric vibration wj 



group is identified with 


the Raman line v 1620, for the following reasons- 

^ \ / 

(1) The line remains in the same region in all the three ions yC— CC 

0^ / ^ 

and 




0 


V'-c/ 

HnN' N) 


(.) 


Cl :3c -c/ 
L 


tlic ions of oxalic, ox^nic and 


trichloracetic ’ ’’ acids respectively, with the same character (very broad) and 
relative intensity (weak). \ 


(2) The line is observed to be totally depolari.sed, and is therefore not of 
the same origin as the 1720 line of the ketones and other carboxyl compounds. 
This latter frequency, wliich is attributed to the inner oscillation of the (C = (.)) 
group, gives rise to a Raman line usually ijolarised to a considerable extent. 
The polarisation character of the line 1620 tlicrefore indicates an anti-symme- 
tric nature of the vibration in which it has its origin. 


("3) The 1620 line of the oxalates is identiiled with uj for a single ionised 
carboxyl group because, in the mode of vibration representing the origin of 
this line (fig. 2), 



Figure 2. 


(10 IV.)’ 

it may be observed that the vibration of each of the (COO) groups is not greatly 
affected by the mass of the other, the resultant motion of the carbon atoms 
being perpendicular to the C“C axis of the molecule, liach half of the 
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molecule is executing an antisymmetric vil)ratic)n, without any ai'parent mutual 
interference. 

The antisymmetric vibration frequency, o),, of the ionised carlx)xyl group 

/ 

is deduced to be 1620 on the j^recediiig argiuiieiits. The angle 

()“C— 0 = 129'^, from Hendricks and Jefferson’s nieasureinents.^'" The deter* 
minantal equation (valence fc^rce system) for linear, synnnelric, trialomic oscilla- 
tors correlating the above constants is^'^ 

^ I '■I't (l + COS a) + li 

III M \ 


w'hcre wi® 


12 2 
47 r^C" 




c !)eing the velocity of light and L the lyOschmidt 


number 

= 5*863 X 10“'^ 

/ = elastic force I)etvvecn carbon and oxygen atoms, 
in, M== atomic weights of oxygen and carbon respectively, 
a = supplement of the angle ()“C-() 

which gives the value of 


f =: 7'7 X lo’"* dynes per cm. 

The force constant for the single bond (C — (.)) is 5 x 10^, and for the double 
bond (C = tj) 10*9 X dynes per cm., accepting Kohlraiisch’s values. The 
force of linkage is thus nndoul)ledly a resonaiu'e force, resonating between 
(C-“ 0 ) and (C = ( )) values. Imt approaches the character of a single bond, as was 
suggested by Pcydies on cnphrical evidences. Tlic very Inroad nature of the 
1620 band (nearly 50 wavenumbers) indicates that tlic force has not a very 
sharp value, but is varying witliin narrow limits (7^1 — 8‘o), as may be the case 
during resonance. 

The Badger relation connecting the value of the force constant with 
interatomic distance, viz., 

r, = (Cijlk.p + dij, 

where r^.— the equilibrium internuclear distance, 
fe^=the bond force constant, 

and Cij and dij are constants, the values of which depend upon the positions 
of the constituent atoms in the periodic table, gives 


r^= _l57L_, + - 68=:-62 + -68=i'3oi 

(•77)^^^ 
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for the distance C — ( ). Pauling's valuu^^ from X-ray analysis of basic beryllium 
acetate is I ‘29 A, and is therefore in agreement with the value calculated from 
the spectral data. 

In conclusion, the aiitlior's respectful thanks are due to Professors Sir P. Q. 
Ray and Dr. D. M. Bose for their kind interests in the work and providing him 
with all necessary facilities. The author is also indebted to Dr. S. C. Sirkar, 
for his many helpful suggestions. 
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DERIVATION OF THE LATENT HEAT EQUATION FROM 
THE PRINCIPLES OF DILUTE SOLUTION. 

By B. N. BISWAS. 


{Received for publication, Ma)' it 1937.) 


In the present paper, an attempt has been inatle to deduce the latent heat 


equation 


^ = L 
dT 


where L is the laleut heat absorbed by unit mass 


of 


a substance in passing from the solid to the liquid state or from the liquid state 
to the state of vapour without any change of temperature, vi are the 

specific volumes in the final and initial states. 1 do not claim here to derive the 
formula in a simpler way than that given in ordinary text books but have tried 
to deduce the same from another view^ point, livery liquid is supposed to be a 
solvent which can hold a non-volatile solute in solution. This solute in the 
dissolved stale exerts a pressure called osmotic pressure like gases and obeys the 
gas laws, its volume being eciual to the volume of the solvent, its temperature to 
the temperature of the same solvent. We shall further suppose that the solution 
is so dilute that further addition of the solvent docs not produce any heat effect. 
Work done due to osmotic pressure owing to the addition of a small quantity of 
the solvent isothermally and reversibly has been calculated from Iw'O considera- 
tions and the two expressions thus obtained are finally equated which gives the 
above equation . 


First considetaiion, 

A small quantity of the solvent is allowed to pass from the condition of 
solution to the condition of saturated vapour, from the condition of vax)our to 
the condition of pure solvent and from the condition of pure solvent to the 
condition of solution, isothermally and reversibly. 

According to the second law of thermodynamics, total work done must be 
equal to zero which will contain an cxi)ression giving the work done due to 
osmotic pressure due to the addition of small quantity of solvent. 


Second consideration. 

A small quantity of the solvent is allowed to undergo a reversible cycle 
which consists of two isothermal processes corresponding to two infinitely close 

2 
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temperatures connected by two short lines along which the same has been heated 
under constant pressure. 

Total work done during the cycle. 


= heat absorbed at the higher temperature 


t + dt 


dT denotes the difference in temperatures of the two isothermal processes. The 
equation will contain a term giving the work done due to osmotic pressure. 

Work term in the former case is equated to the work term in the latter case. 

Before going directly into the problem, it is essential to prove that the latent 
heat absorbed by a substance in passing from the liquid state to the other is equal 
to that absorbed by the same substance at the same temperature in going from 
the state of solution to the vapour state, the pressure of the vapour being equal 
to the equilibrium pressure over solution which is less than the equilibrium 
pressure over pure solvent. [ 


4^ 


Vapour 


Vapour 

Sohition 


Solvent 




Vessel I Vessel 11 


lyCt us consider two vessels, at the same 
temperature, one containing the solution in 
wdiich the vapour pressure is p, the ^ther, 
pure solvent, in which the vapour pressure 
is Po, Po ^Pj Po heing the saturation pres- 
sure corresponding to the temperature. 


If we start from pure solvent in vessel II and come to the condition of 
saturated vapour in vessel IT, through vessel I, heat absorbed and external work 
done during the process must be equal to the heat absorbed if we pass from pure 
solvent in vessel H to the condition of saturated vapour in the same vessel 
direct. 

This is proved in the following way : 


lyCt us start from pure solvent contained in another vessel III at temperature 
T + dT, where T is the temperature of the vessel I or II. 

The following cyclic operation is performed. 

(1) A quantity of dx grammes of the solvent is evaporated isothennally and 
reversibly from vessel III. 

L,"-dx = Heat absorbed. 

External work = p'v is done by the solvent where pL is the saturation vapour 
pressure temperature T + dT, x' = difference between the volumes wdiich the 
quantity dx grammes occupies in the condition of vapour and liquid, 

( 2 ) The same quantity of vapour is cooled from T + dT to T and added 
without any kind of Vork to vessel II. 

Heat eliminated = K.dx.di 

which is of the second order, small work term being neglected, 
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(^3) The quantity dx grammes in vessel II is then condensed isothermally 
and reversibly. 

Heat eliminated = h.dx. 

•Work is done on the system. 

C4) I/iquid thus formed is then heated from T to T-f dT. 

Heat absorbed = K.'.dx.dt 

which is of the second order, work term being neglected. 

From the second law of thermodynamics we get, 

Work done by the system. 


= l/.dx. 


d'T 


T + dT ■ 


.... it) 


.Starting from vessel III, instead of completing the return path through 
vessel II, the same may be completed through ve.sscl I. 


Work done by the system 


= V'.dx. 


_dT 

T+dT 


(2) 


as the efficiency of a reversible heat engine is independent of the nature of the 
working substance. 

From (i) and (2) it follows, that heat eliminated at temperature T if the 
return path be completed through vessel II 

= heat eliminated if the return path be completed through vessel I 

= heat absorbed in passing from the condition of pure solvent to the 
condition of saturated vapour at T through vessel II 

= lyateut heat of evaporation at that temperature x da; ... (3) 

= heat absorbed in passing from the condition of pure solvent to the 
condition of saturated vapour at T through vessel I, ... (3a) 
and that external work done in the latter two processes must also be equal. 

Kxternal work done in the former process 

= i^ + dp) ivi-vOdx where •va and 7; , are specific volumes, where p is 
the equilibrium pressure over solution at temperature T. • • • (4) 
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External work done in the latter process ; 

(i) A quantity of dx grammes of solvent is added reversibly and isothermally 
through the semipermeablc membrane. 

Work done by the system = P x dv ... (5) 

where P is the osmotic pressure and dv is the volume which the quantity dx 
grammes occupies in the liquid state. 

(it) Isothermal and reversible evaporation of dx grammes of solution entails 
an amount of work done by the system 

= p(v''j — vi)dx 

I 

= p.v'^-dx — p.vi-dx j 

*= p. .vzdx — p vi.dx 

P 

[(/) + dp) V3 = p.v'2 if the vapour obeys gaseous law] ' 

= (4) neglecting second order terms ••• (6) 

where v’2 is the volume of unit mass of vapour under the pressure p and 
temperature T. 

(Hi) Work done on the system in compressing the vapotir of dx grammes 

from p topo — dx RT log, ( 7 ) 

P 

where R is the constant for unit mass. 

C ^Po pPo 

work done = ^ p.dv = — ^ v.dp 

As equation (4) and (6) are equal, we get, 

P.dv — dxRTlog^®= o. ••• ® 

P ~ 

Now we shall prove L = h', where V denotes the heat absorbed by unit mass 
of solution in passing from the condition of solution to the condition of vapour 
at temperature T in vessel I and L denotes the latent heat or heat absorbed by 
utiit mass in passing from the condition of pure liquid to the condition of 
aaturated vapour at temperature T in vessel II. 


- dx RT loge 
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From (3) and (3a) we get, 

Ifdx = heat absorbed by dx grammes in passing from solvent to the 
condition of saturated vapour at T in vessel II through vessel I. 

= V.dv + h'.dx — d-x-RT log — . ... (9) 


From (8) and (9) we get, 

I. = L' ... (10) 

where V is the latent heat of evaporation of a solution. 

L = Ivf + external work done where I<« is the internal work done in 
evaporating unit mass of pure solvent at temperature T. 

h' = Le' + external work done, where he' — internal work done in 
evaporating unit mass from solution. 

As h = h' and external work done in both the cases are equal we get, 

he = he' ... (ll) 


WORK D O N F, D U K TO OSMOTIC P R E S S U R F FROM 
FIRST CONOID K RATION 


A vessel is taken containing a dilute solution of which the .solvent is the 
liquid the latent heat ecpiation of w'hich, is to be derived. 
Vapour The vessel is maintained at a temperature T at which it 

Solution under pressure p. The vessel is provided w'ith a piston 

p at the bottom furnished with a semipermeable membrane, 

which allows the liquid to pass through but not the solute. 

+ 

The following isothermal cyclic and reversible process is imagined. 

1. A quantity dx grammes of the solvent is vaporised at temperature T. 
Quantity of heat absorbed — h-dx. 

2. This mass of vapour is then separated without any kind of work from 
the vessel and compressed reversibly and isothermally from 


where dT is the rise of boiling point. 


dp 

dT 



neglecting first order terms 


] 
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Work done on the system 


p + 

= -da:. RTlog— 

P 

assuming that vapour obeys gaseous laws. 

3. The same quantity for vapour is then condensed reversibly and iso- 
thermally to liquid. 

ly.da: = heat eliminated. ... (13) 

This amount of liquid is then reversibly and isothermally added to the 
vessel through the semipcrmeable membrane. j 

Work done by the system (as the piston is pulled out) 

= P.dv where P is the osmotic pressure and dv is the volume wh^ch the 
amount dx grammes of vapour occupies in the liquid state. 

Net work done during the process, 

p +-^ . dT 
^ dT 

= — dx*^T logc ““T — ^ o 

V 

as the whole cyclic process is isothermal. 


Hence we get, 

dx.RT logc-^ 




= P.dv 


or, 


'dT • 

dx.RT. = P. dv 


For 


log log I + 


_ dT 


dT 


(14) 


neglecting terms of higher orders. 
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RBI/ATION BETWEEN WORK ONE DUE TO OSMOTIC 
PRESSURE from SECOND CONSIDERATION AND 
THE RISE OF BOILING POINT. 


The relation is derived in the following way* ; — 

Two vessels I and II are taken. Vessel I contains solution at temperature T, 

its boiling under the pressure p and vessel II pure 
solvent at temperature To under the same pressure 
P. T>To. 



T-To = dT. 

Following reversible cycle is carried out : 

Let L denote* the latent heat per gramme of solvent. 

K denote the specific heat of vapour. 

K' denote the specific heat of solvent. 

(1) A quantity dx grammes of solvent is vaporised from the solution at 
temperature T. 

Heat taken from the surrounding =L.dx. ... (15) 

Kxternal work done by the system =fj. dv ; it should be noted here that I. 
includes the heat required to do the external work. 

(2) The quantity dx of vapour is now cooled to T(>. 

Heat given out = K.d.v.dT. ... (r6) 

(3) The vapour is now condensed in vessel II revcrsively and isothcnnally. 

Heat eliminated by the mass = —L'd.r, ... (17) 

where L'<!L as L depends on temperature. 

Work done on the system 

= —p. dv up to first order. 

(4) The quantity dx now in the form of liquid is separated without work from 
the vessel H by sliding shutter across. The same mass dx is heated to T. 

Heat absorbed =K'd;v.dT. ... (18) 

* A System of Physical Chemistry by Lewis, p. 131, VoJ. II, 4th Edition. 
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(5) Finally, at temperature T the mass dx (which occupies the volume 
dv) of the liquid solvent is added reversibly and isothermally through the semi- 
permeable membrane. 

Work done by the system =P.dr. 

Heat given by (18) and (16) are neglected for though K and K' differ 
siderably, they arc of the second order while others are of the first order. 

External work done by the system =‘p.dv~p.dv+‘'P.d'V 

= l/.dx — l,'.dx =P.dv. 

On applying second law, we have 

L.dx — l,'.dx _ dT 
L.dx T * 

From {19) and (21) we get 

P.dv = L. dx. 

Equating (22) and (14) wc gel, 

L.dx'.dT _ RT j ( dp j,j,\ L _ TT dp 

—f r j . 

it being supposed that the vapour obeys gaseous laws. 

V is the volume of unit mass of vapour under pressure p, the volume which 
unit mass of saturated vapour occupies at T is slightly smaller than V as ^ is 
.slightly less than the saturation pressure corresponding to the temperature. 
This variation is neglected. The latent heat equation which applies to the 
change of state of a substance from the liquid to the vapour is, 

d± ^ E 

dT Tfna-v,) ’ 

where is the volume of unit mass of satmated vapour at temperature T, 
Tj that of unit mass of liquid. As va»vi, vj is neglected and the latent heat 
equation is put in the following form 

which is the same as (23). 



(19) 

con* 


(20) 
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It will not be out of place to mention here that if the latent heat 
equatiop ^ assumed, the relation between the rise of the 

boiling point, osmotic pressure can be deduced in the following way : — 

From (14) and (23) 


dx.RT d/)_ 
P ’ dT 


dT=P.di. 



R.dT 

T.V 


= P.dv 


If the vapour obeys gaseous laws, 


RT 

= 1 and w'C have, 

p.v 


Iv.dT _ . dr 

■t — ‘‘■j;. 


*= ’ where p is the density of the solvent. 
ax p 

From (230) and (23!)) we get, 


L.p.dT _p 

T 


where T is the boiling point of the solution. 


(230) 

(2.3h) 

(33*^^) 


DERIVATION O !•' T HE LA T E N T II E A 'I' K Q Tt A T I O N 
I N T HE C A .S E OF CHANCE O F R y a T E F' R O M 
THE SOLID Tf) LIQUID. 


The required equation is, 

. L -dp 
T(r2“ri) dT 


(23d) 


Let us consider vessels I and II at temperature T, vessel I contains the 
solution, T being the freezing point of the solution under the pressure p and 

vessel II, pure solvent, the pressure in the same 1 x;ing p-\ dT so that T 

is also the freezing point of pure solvent. 
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vSolutioii 

ice 


vSolveiit 


ice 


The following isotheriiial and reversible cycle is 
imagined . . 


Vessel I 


Vessel II 


Stage I. A very small quantity dx grammes of solution is frozen. 

Amount of heat eliminated = —L.^Lv where L is the latent heat per unit 
mass. Kxternal work done by the system 2 where ^2 and^i^i are 

si)ecilic volumes in the solid and liquid states respectively. 

Stage IL I'hc quantity dx grammes of ice is sci)aratcd without any work 
from vessel I. The pressure to which it is subjected is increased/ from 


dp 

(it 


piop-^ . (iT isolhermally and reversibly. Amount of work eWe is 


neglected as the change of volume of ice due to the change of pressure i^ very 
small. 

Stage IJL The same amount of ice is added to vess.d II without any kind 
of work and allowed to melt isotliennally and reversibly. 

Amount of heat absorbed =I/.£iA-. 


External work done on the system, 




dp 

It 


dT) {v 2 -vi).dx. 


' Stage IV. The same amount of solvent is then separated without any kind 
of work from vessel II and added reversibly and isothermally through the semi- 
permeable membrane. 

Amount of work Sone by tlic system —F.dv where P is the osmotic 
pressure and dv is the volume occupied by dx grammes of solvent. 

As the process mentioned above is an isothermal reversible cycle, total 
external work done must be o. 

Hence vve get, 

pSv 2 ’^V]).dx-‘ ip + .dT) (v 2 “Vi)dx^\~F.dv^o 

dx 

or P.d' 2 ^= ('1^2 * dT. (2^0) 

dr 

It should be borne in mind that the latent heat eliminated in passing from 
water to ice in vessel II is not equal to that eliminated in passing from thq state of 
solution to that of ice in vessel E , - 
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It can be proved from the second law of thermodyiianiics in the same way as 
lias been adopted in the beginning of the paper that the difference between the 
two latent heats must be equal to V.dv and the internal works done in both the 
vessels in changing from liquid to ice are the same. 


W (.) K K D O N K I) U K TO O S M O T I C PR P: S S P R K V R O IM S K C O N 1) 

C ( ) N vS 1 D K R A T T O N 

* Relation between osmotic inessure P and the lowering of freezing point T 
of the solvent due to the presence of the solute. * 



Vessel 1 contains pure solvent, say water, in 
equilibrium with ice at the freezing point Tq* 
Vessel II contains an aqueous solutirm in equi- 
librium with ice at a temperature T lower than 
T,) by the amount dT, osmotic pressure in II 

Vessel I Vessel II 

A lliennodynaiuic cycle like the following is imagined : — 

i.s/ Slagf. A small quantity d.v grammes of ice is separated from vessel 1 
at To without any kind of work and equilibrium being established tluoughout. 
The ice is melted. 

Amount of heat absorbed ~h-dx, ••• (-4) 

where L denotes heat absorbed per unit mass. lu this i>rocess there is a very 
small amount of work done upon the system owing to the change in volume 

of dx\ 

2nd Stage. The mass d.v of the water which occupies a volume dv is cooled 
from 'I'o to '1'. 

Heat given out = — K .d.v d 1 . ■ • • (25) 

The volume dv of water is then added reversibly and isoUiermally through 
a semipermeablc membrane to the solution at the temperature T work is done by 
the osmotic pressure- The volume dv which the quantity d.v grammes of water 
occupies at To is nearly equal to that it occupies at T. 

External work done =P.dv. "• 


* lycwis’ Physical Chemistry, p. i3.t. Vol. II, Tli edition. 
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^rd Stage. A quantity dx of water is frozen out of the solution in 
vessel IT. 


Heat given out = — h'.dx where L^<CL. (27) 


In this process there is a small work term done by the .system which balances 
the work term in the first stage. 

4 lh Stage ^ The mass c/.v of the ice thus formed at T is isolated without any 
kind of work and raised in temperature from T to Tg and then added without 
any kind of work to the vessel I. 


Ileal absorbed =K'.c/A:,dT. (28) 

The algebraic sum of (25J and (28) is neglected as they arc very small jand of 
opposite sign. \ 

The cycle is now completed. \ 

Nett work done by the system =V.dv 

*= (L“L').dx as given by (26). ... (29) 

From the second law of thermodynamics and equation (29) we get, 

V.dv = h.dx. fy . ■■■ (30) 

1 0 

0 

Equating (30) and (23c) we get, 

V.dv ^dx{v.^-Vi) 


i. dx.dT 
T 


as T and Tg are very nearly equal 


or 


_ E 

- r j) 


dp 

7f 


which is the same as eeiualion (23d). 


Physic A i, Di-rnmii-N'r, 
Rajaram Cou.i'xai ; 
KQ1.HAPUK. 
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SPIN DOUBLING IN 'S STATES OF AlO. 

By M. K. sen, M.Sc. 

(Ghose Research Scholar in Applied Physics.) 

Plate X. 

(Received for l^uhUcation^ July eg, jgjy.) 

ABSTRACT. I'loin liigh dispersion spectrograms, tlie existence ot spin doubling in Iwth 
the upper and lower, *2, slates of the band system of AlO has been ascerlained. hi addition 
to (i, o), (o, o) and (o, i) bands, which W'crc previously analysed by Pomeroy, the structure ana- 
lysis of the bands ( 2 , 1 ), (x, i) and ( 1 , 2 ) has been carried out. The values of the rotational cons- 
tants are in good agreement with the data of Pomeroy. 


1 N T 1< O I) U C 'I' 1 0 N 

It is very well known that the diatomic molecule, AlO, has a baud system 
lying in the region A 4100-A 5700. The vibrational structure analysis of these 
bands was carried out by Mecke' in 1925 from the batid head data of 
Morikofer," who measured them from high dispersion spectrograms. In 
1927, Pomeroy ' conducted the rotational structure analysis of three of the 
most intense bands, viz., (1, 0), (o, 0) and (o, i) and assigned the band system to 
a —>■ transition. In each band analysed, he observed the R and P branch 
lines to be double and measured each component of these doublets. He further, 
plotted the doublet separations as a function of the rotational quantum number, 
IC, of the lower state and found that the doublets which are at first unresolved, 
increase in width almost linearly with K except towards the end where the in- 
crease is more rapid. From the equality of doublet widths in the (0, 0) and 
(i, 0) bands, Pomeroy concluded that the si)in doubling exists mainly or entirely 
in the levels of the low'er state of the band system. On the other hand 
one finds from the recent work of Scheib'^ and of Jenkins and Mckellar’’ on 
the a-system of BO and of Elliot*’ on the ^-.system that the spin doubling in the 
common lower level of both these sy.stems is negligible even for high K 
values. In fact Elliot is definitely of opinion that the doublet separations in the 
^-system, which is due also to a — >■ transition, are chiefly due to doubling 
of the upper level. In view of this opposite behaviour of the states involved 
in the emission of the ^-system of BO and of the band system of AlO under con- 
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fiideration, one is led to infer that probably they are not the correspbnding 
states of the two homologous molecules. 

Before arriving at the above conclusion, it was thought desirable to obtain 
fresh data of the doublet components of the band system of AK) from high dis- 
j)ersion spectrogianis not hitherto used with a view to study the nature of spin 
doubling in the states and to evaluate the coupling constant, which is known 
only in the case of a few non-hydride molecules. 

Ill the jiresent investigation, therefore, the .structural lines of the tiands 
(2, i), (i, o), (1, 1), (o, o), (o, t) and (i, 2) have been measured from the second 
order spectrograms of a 21 ft. concave grating, liaving a di.spcrsion of about 0.62 
A. II. per mm., which is nearly double of that used by Pomeroy. 


SPIN I) 0 r n I, I N (i IN 25 s r a t jc s 

In accordance with the notation used in band spectra, the designation of a 
molecular state depends on the value of A, the finaiitum nuiiilier referring to Uhe 
component of the orbital angular momentum of the electrons along the iiiteriiii 
clear axis. Thus the molecular states are called S, If, A, ... , for A = o, i, 2... 
and are further distinguished according to the value 01 vS, the resultant electro- 
nic spin. Hence for values of S o, t , a molecular state is a singlet, 

doublet, triplet , , since the multiiilicity is given liy (2vS+i). The theory 

underlying the behaviour of a molecular slate* lias been much developed. 

0 

It is now well known that in a molecular state belonging to Huncl’s 
Casc-b, the magnetic iicid as.sociatcd with A is so weak tliat the interaction bet- 
ween A and vS is small compared with the effect of I lie molecular rolatiou 011 the 
spin. Consequently S is not coupled to the inleriiuclear axis and only A is quan- 
tised. The electronic orbital and the nuclear angular iiiomeiita, which arc respec- 
tively parallel and perpendicular to the intcrnuclear axis, form a resultant angular 
momentum, \/ K(K H- 1), excluding the spin momentum, w'liere K is a quantiiiii 
number, whose possible valuesare A, y\ + i , ... . ‘'i'he nuclear angular momentum, 
N, due to rotation, is not a qiiaiituiii number and takes the value v/K(K + 1 
On account of the ])resence of a magnetic field in the direction ofK, the 
angular in omenta Vlv(K + i)and \/S(S + i) form a resultant or total angular 
momentum \/J(J + i) in a fixed direction, about w'hich the coupled K — and S — 
vectors precess. Corresponding to the (28 + 1) different orientations of vS with 
respect to K, the total rotational quantum number J takes 2S + 1 values. Hence 
for each value of K there are, in general, 28-^1, component rotational levels 

differing only in J valuea and designated as F] , F2 ^ K;i , ■ This type of 

splitting of rotational levels with a given value of K is called Casc-b spi)i doubling 
or Irebling according as vS = or i. , ; 
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It is thus easily seen that a 5 slate of any nniltiplicily falls into Hund’s 
Case-h since it ^las A = o. In a state, the lesullant electronic spin corres- 
ponds to S=J. 'I his interacts with the magnetic field associated with K and 
gives a total resultant angular momentum represented by the quantum number 
J, which has therefore two values, viz., J = K + i and J = K-^. If the interac- 
tion of S with K is assumed to obey the cosine law, the energy of interaction is 
given by 

•iv[J(J+i)-K(K + i)-S(vS-ti)] ... (i) 

W'here y is the coupling constant. Kach rotational level with a given value of K 
(except when K = o) is split into two component levels designated by Fj and 
Fa, where Fi corresimnds loJ = K-i-4 and F«toJ=K-i I'rom equation 
(i), the width of the Casc-b si>in doublet is therefore given by 

F,(Kbi)-F 2 (K-i) = 7(K + J). ... (a) 

which shows that the component rotational levels should diverse from each other 
with incrca.sing values of K, their separation inert'asing linearly v\ith (K t J). 


ROTATIONAL STRUCTUUK OF “5— >22 FAN OS 

It has been stated in the previous section that in a state (A = o, vS = 4). 
there is a Casc-b spin doubling of each rotational energy level but no A-type 
doubling and that for each value of K (excepting when K = (d, there are two 
component levels, with} = K + i- For K = o, there is only one level corres- 
ponding to J = -J. Six bidiiches are to be expected from the J, K and + ^ ^ — 
selection rules. These are denoted as Pi(J), FaO). **Qi 2 (J^ “Qai (J). Ri(J)and 
RafJ)’ They form two .series of triple lines, one series corresponding to the P and 
the other to the R branch of Case-b'. The P series is compo.sed of the sub-series 
P](J). Pad) '’Qiij(J), while the R series of R^(J), KalJ) and ‘'Q 2 i(J). At 
the baud origin, there is only one missing line in each of the branches PdJ) 
and Ph (J) corresponding to 

Kxcept for the lowest values of K. the two sub-series ’’Qiyd) and ’'Qaid) 
are of negligible intensity and very often even the first and the strongest line in 
each of them, viz., ’’Q i ad) and i (i) cannot be detected for lack of resolution 
from the much stronger lines PdiJ) and K2 1 (i)- Hence for all practical purposes 
the P and R .series arc composed of doublets. Fxcept for very low values of K, 
the intensities of the two components in each doublet are practically equal, tho.se 
of the P series being slightly higher. For low K-values, the intensities of the 
components of any P or R doublet are not equal, Pi or Ri associated with the P'l 
sub-level, corresponding to J = Kh-J, being the stronger. In cases wdiere the 
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doublet components are resolved for low K-values, they offer, therefore a criterion 

* 

for associating’ them with Fi and F 2 levels. 

The wave-numbers of the lines of the six branches are given by 

Pi a)=r, a-i)-T" (j), 
or P, (K+i)=r, (K (K + i); 

Pa (J) = T'2a-i)-T"2 (J), 

or P2 (K-i) = T'2 (K-S)-T"2 (K— J): 

and *’Qi 2 (J) = T', a)-T "2 (J); 

while 

(3) 

P. (J) = T', (J-t-i)-T", (J), 
or Ri (K + J) = T’i (K + ;|)-T''i (K + ^); 

Pa 0 )='i ''2 (J + i)-T"a (J), 


or R2 (K-i) = T'2 (K + i)-lV (K-l); 

and (Jl^T'a (J)-T", (J). 

where, as usual, J is written ftn- J" and K for K". 


THE E V A L I' A T I O N O F y 

In a state, due to Casc-b spin doubling of the rotational levels with a 
given K-value, the rotational energy terms are given approximately by 

F(K) = H,.K(K + i) + D,.K2(K + i)2-l-j-y [j(j + j)_k (K+ i)-vS(S+ 1 )] ... 4) 

and hence the total energy terms by 

TiJ) = T,+G(v) + B J-;(K + i) + D„K’^(K+ + iy [J(J + 1)— KlK + 1) 

-S(S + i)]; ... (5) 

SO that 

T,(K + i) = T,+0 (v) + U„K(K-l-i) + D„K2(K + i,)2-t-iyK; ... (6! 

and T2(K-i)=T, + G(v) + B*K{K + i)+D„K=*(K + i)“-ivfK + i), ... (7. 

giving 

Tr(K + J)-T2(K-i)=7fK + jA ... (8) 

which shows like equation (a), that the width of C’aic- 6 spin doublet is propor- 
tional to {K+^). 
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As is well known, the combination differences in the upper *5 state are 
given by 


and A2T'2(J) = Raa)-Ps(J) J 

and those in the lower state by 

A2T%(j;=Ria-i)-Pia+i) 1 
and AaT'' 2 a)=R 2 (J-i)-p 2 a + i) J 

so that in any state, we have 

A2T](K + i) = ^]i„(K + -i) + 7 + 8I)„(K-l-|) (^K®+K + i) I 

and A2T2(K-i)=4P..(lv+^)~7 + 5 ^b»..(Iv + l) (K^ + K + i) j 

giving 


y= I [AbT , (K +^) - AaTo (K - J)], 


iga) 


... (gb) 


(to) 


(ii) 


which offers, therefore, a method of evaluating y in the two states involved in the 
transition of the bund system • 

In cases where it is possible to observe the first lines of the *’Qi2(J)and 
‘‘Qj I fj) branches, we have a second method of determining the value of y in the 
two states from equations (12) given below, since 


and 


y'= ifLT'i (li) -T'2(i)] = ?t[Ri(i) - "Qa ,(-i)] I 

y" = I [T"i (i i) -T"2(i)] = [ ’’Q 1 2(i) - Pi r i4)] . J 


(12) 


This method, however, cannot be utilised in the present case. The first method 
has, therefore, been adopted and the values of A2Ti(K+ J) and AaT2(K — i) in 
the two states for different values of v are given in tables II and III. 

It is further seen that the separation between the two components of P and 
R doublets for a given value of K is given by 

Avi 2 (P) = P , (K + i) - P. 2 (K - 4 ) 

= [T'i(K-i)-r2(K-|)]-[T",(K + i)-T"2(K-i)] 

= ( 7 '-Y") K-'i (V' + V"). ... (13a) 

Since T, (K + 4 ) -T2(K- J)=7(K + i) by equation ( 8 ). 

Similarly, 

Avi 2 (R) = Ri(K + i)-R 2 (K-i) 

= [T'T(K+^)-T' 2 {K+i)]-[T"i(K + i)-T" 2 (K- 4 )] 

= (Y'-y') K + i (sy'-y"). 1 " ( 13 ^) 

4 
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It Is evident from equations (13a) and (13b) that on plotting (P) or Avig (R) 
against K, a straight line of gradient (y'-/) would be obtained in either case, 
the interval between the two curves being equal to ay'. The value of this 
gradient would offer a check on the individual values of y' evaluated by means of 
equation (ii). 

It is further seen that if the spin doubling in the upper state is zero, that is 
when y'=o, the interval between the two curves vanishes. Each of the equations 
(13a) and (136) is reduced to 

Avi 2 (D or Avi2 (R) 

... ( 14 ) 

and hence the two curves Av^g (r):K and Av,^ (R):K should be coincident. 
On the other hand, if 7^=0, we have 

Avi 2 (P) = yK-iy' ] 

f -A (^5) 

and Av7 2 = ^ \ 

Consequently, the two curves Av, 2 (P):K and Avi2 (R :K would coincide 
only if the Av^g (P):K curve is shifted by two units to the right. 


EXPKRIMBNTALDATA 

An aluminium arc similar to that described by Pomeroy has been used for 
photographing the bands in the first and second orders of a 21 ft. concave grating 
of 30,000 lines with Paschen mounting. The dispersion in the second order is 
about o' 62 A.U. per mm. Fine grained green-sensitive photographic plates were 
used in order to obtain the greatest resolution possible. In figure 1 , are reproduced 
typical portions of the (i, o), (o, o) and (o, j) bands. 

The structure lines of each band were measured froiu both the first and 
second order plates with the help of a Gaertnet 100 mm. comparator. Iron arc 
lines served as wave-lengths standards. Several sets of measurements were taken 
on each plate for the components of R and P doublets, where they are resolved* 
The mean of all such measurements was taken to calculate the wave-number value 
of each component. Except where there is a blending of different series of the 
same band or of the succeeding band, the individual measurements do not differ 
from one another by^more than 0*02 cm*""^ For the purpose in hand, it was not 
necessary to measure all the lines which can be followed in a band. In table I, 
are given the wave-number data of the lines measured for each band. This 
includes the structure lines of bands (2, i), (i, i) and (i, 2', in addition to those of 
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(i, o), (o, o) and (o, i) which have been previously measured by Pomeroy from 
the second order plates of a 21 ft. concave grating with dispersion of about 1-33 
A.U. per mm. 

Table I also includes the K.-value of each line and the values of combina- 
tion differences calculated from the mean of the wave-numbers of the compo- 
nents of the R and P doublets. It may here be noted that Pomeroy has listed 
in his tables only the wave number corresponding to the centre of each doublet 
line, although he has shown graphically elsewhere the doublet separations as a 
function of K. It is found that the values of these doublet centres differ from 
those of the present measurement by not more than o'2 cm."’ in the case of (o, o) 
and (i, o) bands. For the (o, i) band, the difference exceeds in no case by o'oS 
cm."‘ On the other hand, the values of combination differences are in good 
agreement with those given by Pomeroy. Consequently, the D„- and D„-values 
calculated by him remain unaltered. With the present new data of the struc- 
ture lines of (2, i), (i, i) and (i, 2) bands, the accuracy of these values has been 
further confirmed. It may be further noted that adopting the present notation of 
K-nurnbering, the j-numberiug of Pomeroy has been shifted by unity. The 
assignment of subscrijits i and 2 to the components of R and P doublets is only 
provisional since no inequality in their intensity could be discerned for the K- 
values at which they are resolved under the present dispersion- Extrapolated 
values have been given for lines where there is a blending. These are marked 
with asterisks in rable I. 


Tablk I 
(i, o) Baud. 


K" 

R2 

Pi Pj 

AaT' 

A,T" 

17 

— 

1 

2146572 

— 

r- 

i 8 

— 

63-"5 

— 

— 

19 

— 

60-29 

— 

- 

20 


57-43 

— 

— 

21 

21505-71 

54-44 

Si-27 

— 

22 

05-07 

51-40 

53-67 

57-44 

23 

04-33 

48-27 

56-06 

59-07 

24 

03-54 

21445-33 21444-87 

58-44 

62-45 

25 

02-91 

42-11 41-65 

60-83 

64-97 

26 

21502-06 21501*50 

38-80 38-34 

63-21 

67-55 


i56 M. K. Sen 

Tabi^e I (contd.) 


(i, o) Band (contd.). 


K " 

Ri 

Rj j 

I’l 


Pa 

AjT 

AjT" 

27 

2 1501 *00 

21500*4^ 

21435-40 


21434*93 

65-56 

70-09 

a8 

499-89 

499-33 

3 A -95 


31-44 

67-92 

72-56 

ag 

9873 

98-18 

28-41 


27-91 

70.29 

75 -os 

30 

97’53 

96-93 

24-79 


24-28 

72-70 

77-60 

31 

96-19 

95-59 

21-11 


20 ‘60 

75*04 

So- 16 

1 

32 

94-75 

94 -TS 

17*35 


i6-8o 

77-38 

j 82-72 

33 

93-18 

92-58 

T 3'45 


12-90 

79-71 

\ 85-27 

34 

91-52 

90-92 

09-46 


08-91 

82-04 

w-78 

35 

89'8i 

89-16 

t' 5-38 


04-83 

84-38 

(^0-29 

36 

88-01 

87-36 

1 0 T- 2 T 


00*66 

86-75 

9 -V 79 

37 

86-12 

« 5-47 

396-99 


396-40 

Sq’io 

95*29 

38 

84-18 

S3 -53 

92 69 


92*10 

91-46 

97-80 

39 

S2-15 

81-50 

88-29 


87.70 

93-83 

100-34 

40 1 

80 -02 

79-33 

83-81 


83-22 

^ 96-16 

102*88 

41 

77-81 

77-11 

79’24 


78-64 

98-52 

165*39 

42 

75*50 

74-81 

74 - 5 ^^ 


73 - 9 ^ 

100*87 

107*91 

43 

73-10 

72-41 

69-87 


69-23 

103*20 

110-40 

44 

70-61 

69-92 

65-08 


64*43 

if^5'5i 

112-88 

45 

68-07 

67-34 

60-19 


59*55 

107-83 

115*37 

46 

6 s '45 

64-71 

55*21 


54*58 

110-19 

117-86 

47 

62-73 

61-99 

50-16 


49*52 

112-52 

120*40 

48 

59-92 

59-18 

45-00 


44*37 

114-87 

122*89 

49 

57-02 

56-28 

39-81 


39*13 

117-18 

125*37 

50 

54-02 

53-29 

34*53 


33*84 

119*47 

127-84 

51 

50-99 

50-25 

29-16 


28-47 

I21-8i 

130-29 

52 

47-86 

47-07 

22-70* 


23-02 

124*10 

132-81 

53 

44-64 

• 43-85 

18-15* 


17*47 

126-43 

135*29 

54 

41-32 

40-54 

12-51* 


11-84 

128-76 

137-76 
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Taulk I {contd.) 
(i, o) Band (contd.). 


K " 

Ri 

Rj 

Pi 


pj 

Aj-r 

A2T " 

55 

21437-88 

21437-09 

21306*84* 


21306-12 

131*00 

140*27 

56 

34-34 

33-56 

01*03'*' 


00*30 

133-29 

142*71 

57 

3075 

29*97 

395-13 


294-41 

135-59 

145-17 

58 

27'12 

26*30 

89-14 


88*42 

137-93 

147-63 

59 

23 ‘40 

22*58 

83-12 


82-35 

I>^0*26 

750*10 

60 

19 ‘S 9 

18-77 

77*00 


76-23 

142-57 

152-58 

61 

15-69 

14*82 

70*80 


70*03 

144-84 

155-06 

62 

1170 

10-83 

64-51 


63-74 

147*14 

157-48 

63 

07 ’6 a 

06-75 

58-18 


57-37 

149-41 

159-91 

64 

03'45 

02*58 

51-76 


50-95 

151-66 

162-33 

65 

399'19 

398-32* 

45-26 


44 '4 5 

153-90 

164-79 

66 

94-84 

93-93 

38-63 


37-81 

156-16 

167*28 

67 

90*40 

89*48 

31-90 


31-05 

158-47 

169-71 

68 

85-87 

84-95 

25-10 


24 ‘24 

160*74 

172-13 

69 

81-25 

80-34 

18*24 


17-39 

162*98 

174-52 

7 o 

76-59 

75-63 

ii*3‘2 


10*46 


176-94 

71 

71-84 

70*88 

04-30 


03*40 

167*51 

179-36 

72 

66*99 

66*04 

197*20 


196*30 

169*76 

181 *80 

73 

6a'02 

61 *06 

90*01 


89*11 

171*98 

184*23 

74 

57*00 

55-99 

82-73 


81*84 

I 74 ' 2 i 

186*62 

75 

51-89 

50*88 

75-37 


74-48 

176*46 

189*03 

76 

46-69 

45-69 

67-93 


66-99 

17873 

i 9 i '45 

77 

41-41 

40-40 

60-40 


59-46 

180*97 

193*87 

78 

36-03 

34 ‘98 

53*79 


51-85 

183-18 

196-27 

79 

30-52 

39*47 

45*10 


44-16 

185-36 

— 

80 

a 4'93 

— 

3736 


36-38 

— 

- 

81 

19-29 

— 

29*50 


28-52 

— 

— 

82 

13-56 

— 

31*55 


20-57 

— 

— 
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Table I (contd.) 


(i, o) Band (contd.). 



Ri 

Rj 

Pi 

Pj 

A»r 

AjT" 

83 

2130775 


21113-52 

21112-55 

— 

— 

84 

01 85 


05*41 

04 ’43 

— 

— 

85 


— 

097-22 

096-19 

— 

— 

66 


— 

88-94 

87-92 


— 

87 

— 

— 

80-58 

79 ’s 6 

— 

1 

68 

— 

— 

72-19 

71-16 

— 

1- 

89 

— 

— 

^ 3 ' 7 » 

62-64 

— 

V 

90 

— 

— 

5505 

53 ’99 

— 

V 

9 x 

— 

— 

46-32 

45'26 

- 


92 


— 

3751 

36-40 


— 

93 

— 

— 

28-57 

27-46 

— 

— 

94 i 

— 


I 9'55 

18-44 


— • 


(i, i) Band. 


K" 



R, 

Pi 

Pi 

A*T' 

A,T" 

3 

— 


— 

20529 77* 

20529-43 

— 

— 

4 



— 

28-29* 

27-95 

— 

— 

5 

— 


— 

26-73* 

26-39 

— 

— 

6 

— 


— 

25-09* 

24-75 

— 

— 

7 

— 


— 

23 ’ 36 * 

23*02* 

-- 

— 

8 

— 


— 

2 i'S 9 * 

2X21 

— ' 

— 

9 

— 


— 

*9-74 

"19-36* 

— 

— 

10 

— 


— 

17’8o 

17-42 

— 

— 

II 

— 


— 

15-82 

15’44 

— - 

— 

12 

— 


— 

13 ' 76 * 

J 3 ' 3 ^ 

— 

— 
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TABtB I (conid.) 

U, t) Band {contd.). 
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M, K. Sen 


Tablb I (contd.) 
(i, i) Band (contd,). 


K'' 


R, 1 

! 

Pi 

' ' Pj 

AjT' 

< 

41 

30522‘56 

2052 1 ‘89*^ 

20424 ‘ 03 ’^ 

20423 ’45* 

98-48 

104-32 

42 

2 r )’79 

20 ‘I 2 

19-90 

19*28 

100*86 

106*85 

43 

i 8 - 94 * 

i8'26* 

15-69* 

15-06 

103*23 , 

io 9'33 

44 

17-00 

16-33 

11-44 

lo'gl 

105*44 

iii-Si 

45 

I 4 - 98 * 

14 31 

07*10*^ 

06-48 

107 '86 

114*28 

46 

12*92 

I2’20 

02 '69 

02*07* 

iio’rS 

ii 6 ty 6 

1 

47 

ZO77 

10 '06^ 

39819 

397’57 

112*53 

119128 

4 fi 

08-54 

07*83 

93 62 

92*95 

ii4’90 

121*^9 

49 

06-23* 

OS'SI* 

88-96*- 

88*29 

117*25 

124 ^5 

50 


03 '12 

84‘26 

83*60 

119*54 

\ 


(2, i) Band. 


K" 

Rj R2 

Pi P2 

AaT' 

, -JL 

A2T" 

10 

— 

21372-89 


— 

II 

- 

70*78* 

— 


12 

— 

6859 

— 

— 

13 

— 

66*31* 

— 

— 

14 

— 

63-1)8 

— 

— 

IS 


6i'6o 

— 

— 

16 

— 

59 ' 29 

- 

— 

17 

— 

5668 

— 

— 

18 

— 

54-08 

i 

— 

1 

19 

— 

51-43 ~ 



20 

— 

48-65 

— 

— 

21 

• 

45-82* 

] 

— 

22 

— ■ 

42-95 

___ 


23 

21395 '62 

39-95* 

55-67 
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Tabi,e I {contd.) 
{a, i) Band {conid.). 


K" 

Ri 

Rj 

Ti 


I’* 

Aa'r 

AjT" 

24 

a 1394 84* 



21336 85 


57‘99 

6i‘98 

25 

Q4’02* 


21333 ■89'^ 


2 1333 ‘39 

60*38 

64-48 

26 

21393 38 

21392*83* 

30*61* 


30*11 

62-74 

67-03 

27 

93-37* 

91 82 

27*25 


26-74 

6510 

6 i)-S 2 

28 

91 ’32 

90-77 

23 '83* 


23 ‘33 

6746 

72 01 

29 

90-17 

89*62* 

20*33 


19 83 

69 81 

74 50 

30 

88'94 

88 - 34 *^ 

16-79 


16-29 

72*10 

76-99 

31 

87‘6i*‘ 

87-01 

13-15 


12*65* 

1 74-41 

79-48 

32 

86-19 

85-60 

09-43 


08-89 

76-73 

82*02 

33 

84-68 

8/| -09* 

05-57 


05-02 

79*09 

84-50 

34 

83-13* 

82-49 

01-67 


01.12* 

81*42 

86-94 

35 

81-48 

80-84 1 

297-72 


297*17 

83-72 

89-41 

36 

79*79 

79-15’^ 

93-68 


93*13 

86-07 

91-88 

37 

78-05 

77 ‘' 1 i 

89-55 


89-01* 

88-45 

94*39 

38 

76-22 

75-58* 

85-38 


84-79 

()(j-82 

96-91 

39 

7 / 1 - 30* 

73-62 

8i'J2 


80-53 

03*14 

99-42 

40 

72-25 

71-56* 

76 - 7 S* 


76-19* 

95*42 

101 *92 

4 x 

70 ’lu* 

69-4 1» 

72-34 


71-75 

97-71 

104-38 

42 

67 86 

67-iS» 

67-81 


67.23 

100 -00 

106-83 

43 

65-58 

64-89* 

63-24 


62-61 

102-31 

^09- 30 

44 

63-25 

62-56 

58-54 


57-91* 

104 *68 

kn *95 

45 

6o-88» 

6f>*i5* 

53-80 


53-16 

107-03 

114.21 

4 ^ 

58-37 

57-63 

49-01 


48-38 

109-31 

116-74 

47 

55-76 

55 -« 4 * 

44-09 


43-45 

111-63 

119.26 


3 
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Table I {contd.) 

(2, i) Band {contd.). 


K" 

Ri 

Rj 

Pi 

p» 

AgT' 

A,T" 

48 

21353-03 

21352-30 

21239*08 

21238*40** 

113*92 

121*76 

49 

50-24* 

49-52* 

33-98 

33-30 

116*24 

124*21 

50 

47-38 

46-64** 

28-79 

28-12 

118-56 

126*70 

51 

44-46* 

43-68 

23-52 

22*85 

120*89 

129-17 

52 

41 - 45 * 

40-67** 

i8*20** 

17 - 48 * 

123-22 

131-63 

53 

38-40 

37-62 

I2*8o 

12*08 

i 25’57 

134-06 

54 

35-25* 

34-48* 

07-36 

06-64 

127-86 

^36-50 

55 

32 ‘02 

31-^25 

01.87 

01-15 

130,12 

W*88 

56 

28.70** 

27-93 

i96-34» 

195-62 

I 32’33 

iii-29 

57 

25-29 

24*47 

90*72 

89-96 

134-54 

14^72 

S8 

21*79 

20-97 

84-98 

84-21 ' 

136-79 

146-17 

59 

18*20** 

17-38 

79-10 

78-33 

139-08 

148-63 

60 

M' 5 i 

13-70* 

73-13 

72-37 

141-35 

151*09 

61 

10*74 

09-93 

67-08** 

21166-32 

143-63 

153-54 

62 

o6-88* 

06-07** 

6o'94 

6o-i8** 

145-91 

156-02 

63 

02-98 

02-12** 

54*72 

53 ’91 

148-24 

158-47 

64 

298-99 

298-12 

48-41 

47-60 

150-55 

— . 

(0, 0) Baud. 

K" 

Ri 

R-i 

Pi 

pj 

AjT' 

A2T" 

2 



20633- [I 

— 

— 

3 



31-61 

-- 

— 

4 



30-04 _ 


— 

5 



28-42 

— 

— 

6 



26-75 

— 

— 

7 


• 

25*02 

— 

— 

8 



23-23 

— 

— 
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TauIvE I (contd.) 
(o, o) Baud conld.)- 


K" 

Ri 


R2 

p. 


pj 

AjT' 

AjT" 

9 


— 



20621-36 



— 

10 


— 



19*40 


— 

-- 

11 


— 



17-36 



— 

12 


— 



15-24 


— 

— 

13 


— 



13-07 


— 

— 

14 


— 



10-86 


~ 

— 

15 





08-57 


— 

— 

i6 


— 



06-23 


— 

— 

17 


— 



03-81 


— 

— 

i8 


— 



01-30 


— 

— 

19 


— 



598-71 


— 

— 

20 


206^5-04 



96-04 


— 


21 


44-61 


20593-46 


20593-16 

5173 

— 

22 


44-10 


90*66 


90-32 

54-12 

57-44 

23 




87-77 


87-44 

56*50 

59-98 

24 

2064373 


20643-33 

84-80 


84-47 

58-89 

62-47 

25 

43-07 


42-65 

81 ’80 


81-46 

61-23 

64-99 

26 

42-35 


41-92 

78-70 


78-36 

63-60 

67-53 

27 

41-58 


41-12 

75-53 


75-15 

66-01 

70-05 

28 

40-73 


40-26 

73-27 


71-89 

68-41 

72-62 

29 

39’ 79 


39'32 

68-93 


68-54 

70-82 

75-16 

30 

38-77 


38-26 

65-54 


65-12 

73 'i 8 

77-69 

31 

37-66 


37-15 

63-07* 


61-65 

75'54 

80-21 

32 

1 

36-47 


35-96 

58-52* 


58-09 

77-91 

82-71 

1 

33 

35-24 


34-72 

54 - 93 * 


54-46 

80-29 

85-20 

34 

33-96 


33-45 

51-25* 


50-78 

82-69 

87-73 

35 

32-60 


32-04 

47-49* 


47-02 

85-07 

90-29 

36 

31-14 

1 


30-59 

43-65* 


48-18* 

87-45 

92-83 


^66 


M. K. Sen 


Tabi.e I (could.) 
(o, o) Band (contd.). 


K" 

Ri 

R2 

Pi 

P* 

A*T' 

AjT" 

37 

20629*61 

20629*06 

20539-72* 

20539*26* 

89*84 

95-34 

38 

28*00 

27*44 

35-75 

35-29* 

92*20 

97-86 

y.) 

26-30 

25*74 

31-71 

31-24* 

94-55 

100*36 

40 

24*55 

23*95 

27*62 

27*11* 

96-89 

102*83 

-11 

22*72 

22*13 

23*45 

22 * 94 * 

99-23 

if^ 5 - 3 X 

42 

20*8i 

20*21 

19-19* 

18*69* 

101-57 

107-82 

43 

i8*8i 

18*21 

14-85* 

14-35 

103-91 

110*35 

44 

1677 

16-13 

10-43* 

09*89 

106*29 

II2-8t 

45 

14-64 

14*01 

05-93* 

05-39 

io8'66 

115-3^ 

46 

12-43 

11*79 

01-35 

00*80* 

111*04 

117*91 

47 

10*14 

09*50 

496*68 

496-14* 

113-41 

120*41 

48 

07*76 

07*08 

yi-98 

91-43* 

115*72 

122*91 

49 

^ 5*29 

04*62 

87-19 

86*64* 

118.04 

125-35 

50 

02*79 

02*11 

82-36 

81-78* 

120*38 

0 

127*81 1 

51 

00*20 

599-52 

77-45 

76-83 

122*72 

130-30 

5^^ 

597*53 

96*80 

72-46 

71-84 

125*01 

132-79 

53 

94*77 

94*05 

67-39 

66-76 

127-34 

135-24 

34 

yi *93 

91*21 

62-24 

61*61 

129*65 

137-74 

55 1 

89*04 

88-33 

57-01 

56-34 

132*01 

1^0*22 

56 

8608 

85-36 

51-69 

51 '02 

i 34'37 

142 ’ 70 

57 

83*07 

82 ’ 3 i 

46’34 

45-63 

136-71 

145-^8 

5 ^^ 

79*93 

79' 1 7 

40-90 

40-19 

139-01 

147-66 

59 

76*71 

75‘95 

35-39 

34 '68 

141-30 

150-10 

60 

73*41 

72*65 

29-83 

29-08 

I 43'58 

152 ‘55 

61 

70*07 

69*26 

24-16 

33-40 

145-88 

i 55 ’oi 

62 

66'59 

65 79 

18-40 

17-65 

148 17 

I 57'48 

63 

63*08 

62-28* 

12-56 

II '81 

150-50 

159*90 

64 

59*49 

58-69* 

0669 

05-90 

152-80 

162-35 
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Table 1 (conid,) 


[o, o) Band (conid.). 


K". 

‘Ri 

R2 


Vi 


A2T" 

6s 

20 S 55 85 

20555 * 01 *^ 

2040073 

20399 ' 9‘1 

155*10 

164-79 

66 

52*09 

51 - 25 * 

394*70 

93-91 

157-37 

167*22 

67 

48'25 

47.40* 

88-63 

87 80 

159-61 

169*66 

68 

4437 

4348* 

82-43 

8 t ‘6 o 

i6i ’9 i 

i72't>8 

69 

40*40 

3951* 

76*16 

75*33 

164*21 

•74-53 

70 

36'35 

35-46* 

69*81 

68*98 

166-51 

176-97 

71 

32'21 

31-33* 

63 42 

62-55 

168*79 

179*39 

72 

28*04 

37 II-*- 

56-95 

56*08 

171*06 

181*81 

73 

23’74 

22 ’81* 

50*40 

49*53 

173*31 

184-23 

74 

19 ‘ 36 * 

18-43* 

43-78 

42-91 

1 175*55 

i86‘6i 

75 

14-94* 

13*97 

37-12 

36*21 

177*79 

189*01 

76 

io' 39 * 

09*42 

30-34 

29*42 

lSo‘02 

191*43 

77 

OS ' 77 * 

04*80 

2347 

22-57 

182*26 

193-82 

78 

01 ’05* 

00 -og 

16-53 

15-63 

184-49 

196*20 

79 

49626* 

495-30 

09-56 

o8'6i 

186 70 

398*58 

80 

91 ■43* 

90-42 

02 47 

01 '52 

188-93 

2(. x )’96 

81 

86 •52* 

85-51 

29529 

294*35 

191*19 

203 '35 

82 

81-57* 

80-56 

8804 

87*10 

193 49 

205*75 

83 

76-53 

75-48 

80*76 

79*77 

195*74 

208*16 

84 

71 38 

70-33 

73*40 

72*^1 

197*95 

210*50 

85 

66*14 

65-09 

66*00 

65*01 

2 CX^* 1 I 

212*82 

86 

6o'82 

59-77 

58-53 

57 54 

202*26 

215*15 

87 

55'42 

454-33 

50-98 

49*95 

204*41 

217*49 

88 

49*93 

4885 

43-31 

42*29 

2 o 6'59 

219*82 

89 

44*37 

43-29 

35-56 

34*54 

208*78 

222*18 

90 

38*77 

37-64 

27-74 

26*68 

210*99 

224*52 

91 

33*09 

31-96 

19-85 

187H 

213*21 

226*86 

92 

27*33 

26-20 

11-88 

io'8j 

215*42 

229*20 
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Table I (contd.) 
(o, o) Band {contd.). 


K" 

Ri 

Ra 

Pi 

pj 

A,r' 

i 

AjT". 

93 

20/|2l‘49 

20420*32 

20203 '87 

20202 ‘77 

217-58 

231 '56 

94 

IS '52 

1436 

195*75 

J 94’65 

219-74 

233*90 

95 

09‘48 

o8'3i 

8755 

86-45 

22189 

236'25 

96 

03 '40 

02*19 

79'24 

78-14 

224*10 

238-55 

97 

397'-»9 

395*99 

70-89 

69-79 

226*25 

— 

98 

90 ' 9 i 

89-71 

— 

— 

— 

T 

99 

84'59 

83'35 

— 

— 

— 

1 

T 

100 

78' 15 

76-91 

— 


— 

4 

lOJ 

71 '63 

7 f ^'39 


— 


4 

102 

65.08 

6379 

— 

— 

— 

\ 

103 

58 ' 4 o 

57’12 

— 

— 

— 

— 

104 

. 5 1 '65 

5036 

— 

— 

— 

— 




(0, 1) Band. 


* 

1 

K" 


Rj 

P. 

P2 

AiT' 

AaT" 

5 

— 

— 

— 39662 77* •— 

— 

— 

6 

— 

— 

— 61 22=^^ — 

— 

— 

7 



S 9 ' 64 » 

— 

— 

8 

- 

— 

— 5797 — 

— 

— 

9 

— 


— 56-24 — 

— 

— , 

10 

— 

— 

— 54*42 — 

-- 

us 

IX 

— 

— 

— 52*53 — 

— 

... 

12 

— 

“ 

— 50*59 

“ 


13 

— 

— 

- 48-59 — 

— 

-f — 

14 

— 

— 

_ 46-54 — 

~ 


15 

— 


— 

44*42 - 

— 


16 

— 

... 

-- 

42-22 

f 

•• . 
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TabIvB I [contd.) 

(o, i) Band (contd.). 


K" 

Ri 

Rj 

Pi 


^8 

Ai'r 

AgT" 

17 

— 

— 

— 

39-98 

““ 

— 


18 

— 

— 

— 

37-66 


— 

— 

19 

— 

— 

— 

35*31 

— 

— 

— ■ 

30 

— 


-- 

32*88 

— 

— 

— 

21 

— 

— 

— 

30-37 

— 

— 

— 

22 

— 

— 

— 

27-83 

— 

— 

- 

23 

— 

— 

— 

25‘2I 

- 

— 

— 

24 


“ 

— 

22-52 

— 

— 

— 

25 

19681-27 

19680 '81* 

— 

19-78 

— 

61-26 

— 

26 

8o-85« 

80-38* 

— 

16-97 

— 

63-64 

66-9: 

27 

80-38* 

79-92* 

— 

i 4 ’i 3 


66*02 

69-37 

28 

79 - 88 *» 

79-41* 

19611*47* 


19611*01 

68-40 

71-87 

29 

79.30* 

78-83* 

08-51* 

— 

08-05 

70-78 

74-40 

30 

78-68* 

78-17* 

05-47* 

- 

05-01 

73-18 

76-93 

31 ' 

77-94* 


02-36* 

— 

01*90 

75-56 

79-46 

32 

irn 

76-62 

5 t)C)-ai* 


598-71* 

77-91 

81-96 

( 

33 

76-28 

75-73 

95-98 

— 

9 ’i/;48* 

80-27 

84-44 

34 

75’35 

74-81 

92-68 

— 

92*18* 

82-65 

86-95 

35 

74-34 

73-80 

89-30 

— 

88-80* 

85-02 

89-47 

36 

73 ’ 3 u 

72-7 

85.88 

— 

85-35* 

87-41 

91-95 

37 

72*21 

71-63 

82-39* 

— 

8i-86* 

89-So 

94-46 

-38 

7 I ’«5 

70-47 

00 

— 

78-29 

92*20 

96-97 

39 

69*81 

69-23 

75-22* 

— 

74 69 

94*57 

99-47 

40 

68*53 

67-95 

71-58* 


71-01 

96-95 

101-95 

41 

67*23 

66-60 

67-86 

— 

67*29* 

99-34 

104-45 

42 

65-79 

65-17 

64-08 

— 

63-50* 

101-69 

106 *97 

43 

64*32 

63-70 

60-25 

— 

59-64 

104 *07 

109-45 

44 

62.77*^ 

62-11 

56-34 

— 

55-73 

j 106-41 

111*95 
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Taw,e I {contd.) 


(o, i) Band.icontd.) 


K" 

Ri 

Rj 

Pi 

P* 

A,r 

AjT" 

45 

1966115* 

19660-49 

19552-37 

19551-75 

108*76 

114*40 

46 

59 ' 45 * 

58-79 

48-35 

47*74 

III *08 

116-85 

A7 

577 " 

57 'f ’5 

44-30 

43-65 

113*40 

119-27 

48 

55'89 

55-19 

40- 18 

39’53 

115-69 

121*72 

49 

54 

53-30 

35-98 

35-33 

ii8*oo 

124*17 

50 

52 '06 

51*37 

31-70 

31-05 

120*34 

12*63 

( 

51 


49-36 

27-35 

26*70 

122*68 

3 29*|oQ 
\ 

52 

4(S-oi 

47-27 

22*97 

22*28 

125*02 

131'M 

S 3 

45’89 

45-15 

18*51 

17*82 

127-36 

134 

54 

45 - 6 « 

42-95 

I 3’97 

I 3’29 

129*68 

136-59 

55 

41*41 

40-67 

09-36 

o8*68 

132*02 

138-95 

56 

39 ’o 9 

38.32 

04*72 

04*00 

i34-s34 

141*40 

57 

3670 

35-93 

00*00 

499-28 

136-67 

143-81 

5» 

34'27 

33-50 

495-25 

94-53 

138-99 

146*21 

59 

3176 

30-99 

90-46 

89-74 

141-27, 

148*64; 

6t) 

29’ i 8 

28-37 

83-60 

84-88 

143-.53 

151*09 

6r 

26*52 

25-71 

80-66 

79-90 

145-83 

153-54 


2379 

22 *98 

75-61 

74-86 

148-15 

156-00 

63 

21-01 

20-20 

70-49 

69-74 

150-49 

158*44 

64 

18-17 

17*32 

65-34 

64-54 

152*80 

160*89 

^5 

15*24 

14*40 

60*11 

59-31 

155-11 

163-3^1 

66 

12*28 

11 * 43 * 

54-84 

54-05 

157-41 

165*68 

67 

09-28 

oS*4o* 

49-54 

48-75 

159-7^1 

i68*o6 

68 

06*20 

05*32* 

44-21 

48-38 

161*97 

i7<^'45 

69 

<^'3-05 

o2'I7^ 

38-81 

37-9r 

164*22 

172*85 


599-«2 

598 'ip* 

33-33 

32-50 

166*45 

175*29 

71 

96-52 

95 -6o’*- 

37-74 

26*91 

168*74 

177*69 

72 

93-14 

• 

92*22* 

22*11 

21*24 

171*01 

i 80*12 
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Table I {contd.) 
(o, i) Baud (contd.) 


K" 

Ri 


r-i 

Pj 

AjT' 

AjT" 

1 

73 

19529-72 

I 9588 - 76 * 

19416*38 

19415-51 

173-30 

182-54 

74 

86*19 

85-23* 

10-58 

09*71 

175-57 

184-94 

75 

8 a-s 9 *‘ 

81-62* 

04*73 

03-87 

177*80 

— 

76 

78*90* 

77*91 

— 


- 


77 

75 - 14 * 

74 ‘i 5 

— 

— 

— 

— 

78 

71-31* 

70*32 

— 


— 

— 

79 

67-43* 

66*41 

— 

— 

— 


80 

63-46* 

62*^3 

— 

— 

— 



(x, 2) Band. 


K" 

Ri 



Rj 

Pi 


Pa 

Aa'r' 


12 




— 


19562-77 



■— 

13 

— 



— 


6(v86 


— - 

— 


— 



— 


58-87 


— 

- 

15 

- 



— 


56-80 



— 





-- 


54-62 




^7 

— 



- 


52-4"* 



— 

rS 

- 



— 


50*11 


— 


19 

— 



-- 


47-78* 


— 

— 

20 

— 





' 15-37 


— 


21 

— 



— 


42*85 


— 

— 

22 

— 



— 


40-25* 



- 

23 

— 





57 62 


— 


2-1 

— 



- 


34-94 






— 



— 


32*20 


— 

— 

26 




— 

19529-64 


19529*18 

— 

- 

27 

— 



— 

26-82» 


26*36 

— 

— 


6 
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Table I (contd.). 


(i, 2) Band (contd). 


K" 

Ri 

Rj 

Pi 

Pi 

AjT' 


28 

19591-83 

19591*26* 

19523-96 

19523-50 

67-81 

— 

29 

91 '30*^ 

9 o- 72 ‘^ 

21-06 

20-56 

70-20 

73-70 

3 ^> 

9072* 

90*15* 

18-09* 

17-59* 

72-59 

76-22 

31 

90 '07* 

89-49* 

15-04 

14 '54 

74-99 

78-75 

3 ^ 

Sg-sS* 

88-76 »• 

31-95 

11'42 

77-39 

81-26 

33 

88-61 •» 

88-00* 

08-79* 

08-26 1 

79-78 

1 

[ 83-74 
\ 

3-1 

8776* 

87-15 

o5-()o 

1)5-06 

82-12 

\86-23 

35 

86’84 

86-23 ♦ 

02-36 

01-79 

8.(1 -46 

k-69 

36 

85-88* 

85-23* 

499-05* 

498-48 

86-79 

cJ ^-19 

37 

84-85 

84-20 

95-63 

95-06 

89-18 

93-69 

38 

« 3 - 7'1 

83-08 

92-17 

91-5(1 

91-55 

96-19 

39 

83-55* 

81-89* 

88-64 

88-03 

93-89 

98-65 

^0 

81-32 

80-63 

85-07* 

84-46 

96*21 

101-09 


8o'Oi 

79-32 

8i-/i6 

80-81* 

i) 8-53 

103-48 


78-67* 

77*98* 

77-82 

77-17 

100-83 

105-85 

'13 

77-29 

76-60 

74-13 

73-49 

103- 13 

108-28 

4 A 

75-87 

75-19* 

70-38* 

69-70* 

105-49 

110-73 

45 

74-42* 

73-69 

60-55 

65-87 

107-84 

113-22 

46 

72-89 

72' i 6 

62-65 

61-97 

110-21 

115-68 

47 

71-27* 

70-ss* 

58-71 

58-03 

112-54 

118-17 

48 

69-59 

68-86 

54-69* 

54-01* 

114-87 

120-65 

49 

67-83* 

67-10* 

50-61 

49-92 

117*20 

123-10 

SO 

66-03 

65-36 

46-48 

45-76 

119-52 

125-54 

51 

64-15* 

63-39* 

43-38 

- 41-56 

121*85 

127 -9s 

52 

62-20* 

61-43 

38-05 

37-33 

124*12 

130-39 

53 

60-17* 

59-40* 

33-74 

33-02 

126-40 

132-79 

54 

58-10 

• 57-30 

29-40 

28-64 

128*68 
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Table II 

AgT 1 (K) and A2T2(K) values for the upper state. 


K 

■u = 

- 0 

V ^ 1 

V 

2 

■^2^1 

AjTjaO 

A* Tj (K1 

Aj Tj (K) 

Aj 'I'l (K) 

Aj Tj (K) 

24 

58-92 

53-86 

... 

... 

... 

... 

25 

61-27 

61 -ly 


... 

... 

... 

26 

63 '65 

63-56 

63-25 

63-18 

6277 

62*72 

27 

66-(i5 

65-97 

65 57 

65 ' 5 I 

65 

65-08 

28 

68-44 

68-39 

67-90 

67-83 

67-49 

67-44 

29 

70-83 

70-78 

70*26 

7o'20 

69*84 

69-79 

30 

73‘22 

73 -Jt 5 

72-64 

72*57 

72*15 

72 'o 5 

31 

75‘59 

75-52 

75-00 

74 '95 

74-46 

74 '36 

32 

77-94 

77-89 

77‘37 

77 ' 3 i 

76-76 

76-71 

33 

80-31 

80-26 

79*74 

7Q-68 

7Q*I1 

79-07 

34 

82-69 

82-65 

82-08 

82 ‘03 

81 46 

81-37 

35 

85-08 

85-01 

84 '45 

84 '39 

8376 

83-67 

36 

87-46 

S7-41 

86*82 

86-75 

86‘3 r 

86*02 

37 

89-86 

89-79 

89-17 

89-10 

8S-50 

88*40 

3S 

92-24 

92-17 

91 *51 

91 46 

90*84 

90*79 

39 

94 -59 

94 -52 

93 86 

93-81 

93.18 

93*09 

40 

96-94 

96-89 

96 21 

96-12 

95 '4 7 

95*37 


99-32 

99-25 

9 -'^ 55 

98-47 

97*76 

97*66 

42 

101-67 

101-60 

irKi’89 

100-83 

100*05 

99*95 

43 

104-02 

103-96 

103 21 

103-16 

102-34 

102*28 

44 

106-39 

106-31 

i‘^> 5*53 

105‘50 ! 

104-71 

104*65 

45 

108-75 

108-68 

107-88 

107-81 

107*08 

3 06 ‘09 

46 

ITI '09 

111-02 

1 IO '24 

110*15 

io 9 36 

109-25 

47 

113-43 

113-38 

ii 2‘57 

112-49 

in‘67 

111*59 

48 

11575 

115-66 

114 92 

114 85 

11395 

IT3'CX) 

49 

ii8-o6 

117-98 

117-23 

117-18 

116-26 

116-22 

50 

120-40 

120-33 

IJ 9 *.S 4 

119-49 

118-59 

118*52 


214 M. k. Sen 


Table II (contd.) 

Agl'ilK) and Ag'I'sCK) values for the upper *5 stale. 


K 

V ~ 

0 

V = 

1 

V » 

2 

As (K) 

A 2 I 2 • 

A 2 

A 2 ^'2 

A2T1IK) 

A 2 ^^'2 

51 

122 '73 

122*68 

121 -fis 

121 ‘81 

120*94 

120-83 

52 

125*06 

124*98 

124*16 

124*08 

123-25 

123-19 

53 

i 27'38 

I 27 ' 3 i 

126*46 

126-38 

125-60 

125-54 

54 

129' 70 

12963 

128-76 

128-68 

127*89 

127-84 

55 

132-04 

131 ’99 

131*04 

130-97 

130-15 

i30-|o 

\ 

5 ^’ 

I S'! ‘38 

^ 34 '33 

133-31 

133 '26 

132 '36 

132-3? 

57 

136 ’72 

i36'67 

i 35'62 

i 35'56 

134 57 

134-5!, 

.S8 

J 39'‘»3 

138-98 

I 37'98 

137-88 

136-81 

i 36 - 76 \ 

59 

T 4 i' 3 i 

141-26 

140*28 

140*23 

139*10 

i 39’‘>5 

6u 

i 43 ’s 8 

T 43'53 

142 '59 

142-54 

141-38 

141-33 

6 t 

14 S '89 

I 4 S '84 

144-89 

144-79 

143*66 

i43 ‘6 i 

62 

T48’i9 

148-13 

I/] 7 -19 

147-09 

145-94 

145*89 


i 50‘52 

150*47 

149-44 

149 38 

148*26 ^ 

148-21 ; 

64 

IS2’82 

152-79 

151-69 

151-63 

i 5 o* 5 ‘'^ 

150-52 

65 

155 ’13 

155*08 

153 ’93 

i.S 3’87 



66 

iS 7'42 

i 57‘36 

156-21 

156-12 



67 

i 5 q *68 

I 59’^'»3 

I 58 ' 5 <> 

158’43 



68 

16197 

161*91 

160-77 

160 7 1 



69 

164 '24 

164*19 

163 01 

162-95 


... 


166-52 

166-44 

165-27 

i 6 S '17 

... 

... 

71 

168-79 

168-74 

i 67 'S 4 

167-48 

... 

... 

72 

171-06 

171.01 

169-79 

169-74 

... 

... 

73 

T 73’34 

I 73'27 

172*01 

171-95 

- 

... 

74 

i 7 S' 6 o 

I 75'52 

174*27 

174-15 


• •• 

75 

i 77‘84 

177*76 

176*52 

17640 

... 

... 

76 

180*05 


178*76 

178-70 

... 


77 

182*30 

18223 

iSi'oi 

180-94 

... 
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Tabi,k II icontd.) 

AjTilK) aud A^TglK) values for the uijpcr state 



V ^ 

0 

V = 

I 

'll ^ 

2 

K 

AsT,(K) 


AjTiiK) 

A2'J'2(K) 

A2T,(K) 

A'iT-j(T\) 

78 

184-52 

18.1 *46 

183 24 

183-13 

... 


79 

186*70 

18669 

185-42 

185-31 



80 

i88‘96 

388 ‘ 9 o 

187-57 

... 


... 

8i 

191 ^ '23 

19116 

189-79 



... 

S2 

193 '53 

19346 

192*01 

... 


... 

83 

i 95'77 

I 95 ' 7 i , 

... 

... 

... 

... 

84 

197-98 

197-92 


... 



Rs 

200' 14 

200' 08 

... 

... 


... 

86 

202‘29 

202 '23 

... 

... 



^7 

20^ '44 

20 / 1*44 


... 


... 

88 

206*62 

206*56 

... 

... 


... 

8q 

208 '8 1 

208 '75 


... 

... 


90 

21X-03 

21o'96 


... 



91 

213*24 

213-18 

... 

... 



92 

215-45 

215-39 

... 




93 

217*62 

217*55 


... 


. 

94 

219*77 

219-71 


•• . 

... 


95 

221-93 

221-86 

... 




96 

22/1*16 

224-05 

■■ 

... 



97 

226*30 

226-20 

... 

- 




Table III 

A 2 T] (K) and A^TglK) values for the lower **3 state. 



■y » 0 

V ■- 

= I 

V 1 

» 2 

K 

A 

AjTaW 

AjTi(K) 

A 2 T 2 (K) 

A 2 'l'l(Kj 

A 2 T 2 (K) 

25 

65-02 

64-97 


... 


... 

26 

67-54 

67-50 

... 

... 


... 
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Table III icontd.) 

A2Ti(K) and A^TotK) values for the lower state 



! 

1 V 

= 0 

V 

e= I 1 

V 

== 2 

K 

A 2 T,(K) 

i_. 

(K) 

AjT,(K) 

A 2 T 2 (K) 

A.jTi(K) 

A.,Tj{K) 

27 

70'io 

70-05 


69-49 

.t. 


2.S 

73-63 

72-56 

72*02 

71-98 1 



2 i ) 

75 ’iS 

75-10 

74*47 

74*43 

73 '74 

73-67 

30 

77-67 

77-63 

76-95 

76-93 

76-26 

76-18 

31 

80 ‘22 

8 u -15 

79-44 

79-42 

78-77 

78 - 7 ( 

32 

82-7-) 

82-99 

81-95 

81-93 

81-28 

83 - 2 .\ 

33 

85-26 

S5-2I 

■8) -46 

84-42 

83-78 

83-74 

3-1 

87-7.8 

87-73 

86-96 

86-yi 

86*25 

86-21 

3 .S 

9 (r 3 J 

9 (r ::7 

89-45 

89-42 

88*71 

88-67 

3 ^> 

92*85 

92-77 

91-95 

91*91 

91-21 

91-17 

37 

OS'S*’’ 

f)5-28 

94-45 

94-41 

93-71 

93-67 


y 7-«7 

97 - 8 t) 

96-93 

96-88 

96-21 

96-37 

39 

ic.)0'38 

100-32 

99-41 

99-37 

98-67 

98-62 ; 

40 

102-88 

102-83 

101-91 

101-86 

101*09 

101 -08 

4 J 

105*40 

105-31 

104-41 

104-36 

103-50 

103-46 

42 

107-91 

107-83 , 

io6-qo 

jo6-86 

oc 

105-83 

43 

Ilf (-40 1 

Jif '-35 

109-37 

109-34 

1C. 8 -29 

108-28 

44 

112-90 

112-84 

171-86 

111-89 

110.74 

110-73 

45 

” 5 ‘ 4 T 

115-34 

114-32 

114-27 

113-22 

113-22 

46 

117*94 

117-85 

ii6-8i 

116-76 

115*71 

115-66 

47 

120‘4S 

120*35 

119-29 

119-25 

118-20 

118-15 

48 

122-94 

122-86 

121-77 

121-74 

120-66 

120-63 

49 

125*40 

125-32 

1 

1 124-24 

124-18 

~ 123-11 

123-10 

50 

127-85 

127-80 

126-69 

126-64 

125*55 

125*54 

5 r 

i 3«-33 

130-27 

129-14 

129-13 

127-98 

127-93 

5 ^ 

132-83 

132-77 

131-60 

131-57 

130-41 

330*37 

53 

135-32 

i 35 ‘ 2 i 

134-07 

134-01 

132-80 

132-79 
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Table HI (contd.) 

AgT, (K) and AjT2(K) values for the lower ‘“^2 state. 



V — 

0 

V^l 

V 

2 

K 

AjjT] (K) 

A,T»(K) 

A2T,(K) 

AsTa(K) 

AuTi(K| 

AaTjlK) 

51 

i 37 ' 7 ^ 

1377 ^ 

136-5.3 

1.36-47 



55 

1 / 10*27 

140*22 

138-94 

1.38-91 



5 ^^ 

14 'J 73 

142*69 

141-36 

^ 41*34 



57 

I 45 '-I 9 

143*16 

143-78 

143-76 



sR 

1 / 17*66 

147-63 

346*22 

146-17 



b9 

I,SO-Tl 

150*08 

148-67 

148*61 



fic) 

iSa-SR 

15^*55 

151*11 

151*08 



6] 

I 55 ‘05 

i 5 S ->’2 

:t 53'57 

153*52 



6:3 

157-51 

157-45 

i. 56 -i '3 

156*00 




159-92 

159*89 

158-46 

158-46 



64 

162*36 

162*32 

160 90 

160*89 

... 



164*81 

164-78 

163 -.33 

163*27 



66 

i67‘26 

167 J4 

165-7" 

165-65 



^7 

ity‘70 

169-67 

1 68 ‘07 

1 

168^15 



6S 

172*13 

T7:;-tiS 

170-47 

i 7‘->‘43 



69 

174 56 

i 74 '.St’ 

172*87 

172-82 



70 

176-97 

176-95 

375 ' 3 i 

175*26 



71 

179 40 

1 79".'!.6 

171-71 

177*66 



7 ^ 

181 82 

iSi '79 

180-14 

1 80 09 



73 

184 '26 

184 20 

182 ‘56 

182-51 



74 

i86'64 

186 59 

184 99 

184-89 



75 

189 05 

iSg'oi 

... 




76 

191-48 

191-41 





77 

193-88 

193 ’Sa 





7 « 

196 26 

196 '2 2 


... 



79 

igfi 63 

198-59 

... 




80 

201 uo 

200 '95 

... 

... 
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Tabee III {conld.) 

AjTUK) and A2T2(K) values for the lower state. 


V-0 


1 

V- 

2 

K 

A^TiiK) 

A 2 * 1 2 * ^ ) 

A 2 T,(K} j 

AjTjtK) 

AjTitK) 

A 2 T '2 ( 1 '^) 

8 j 

203 ’39 

2.13 ‘32 

... 




82 

3"5 ?(> 

205 74 

... 




8.1 

2o8‘i7 

2oS'i5 





84 

2 i '>'53 

210 /17 





85 

212 8 s 

312 79 




I 

1 

1 

86 

213 

2 15 ’1-1 

... 



- \ 

87 

2 J 7 ’ 5 i 

217-48 

... 

... 


- \ 

88 

2 19 '86 

21979 




\ 

\ 

\ 

89 

222‘19 

222 17 





90 

22-1 '52 

224 * 5 ^ 





91 

226 89 

2 26 '83 

... 




92 

229 22 

229'39 





93 

231 '58 

231 '55 





9-1 

23 . 1 'yi 

233'^7 

... 


... 


95 

238'38 

236 22 





96 

2 . 38 '.s 9 

238 52 






MOLECULAR CONSTANTS 


The rotational constants. and 1 ),, and their variation with "v were evaluated 
from the AjTdv) values given in table I. In cases where more than one such 
value was obtained for a ])articular pair of rotational levels, their mean was taken. 
It is well known that tlie combination differences calculated from tlic centres of 
K and P doublets of a band can be expressed in the form 

A/]'(K) = 4B„(K+.i) + 8D,{K+^) (K2 + K4 i)+ ... (i6) 


where B ,. = IK “ <^(1’ + J), 
and D,, = D,+/3 (t, + J). 


(17) 








spin Doubling in States of AlO 


279 


By a method of successive approximation, the values B„ and for different v 
values were estimated. They are given in table IV. Using these data, the 
calculated values of AgT^O arc mutually in good agreement with the observed 
data in each case. It is further found that the variation of B,, or of D|, with v 
is linear in conformity with equation (17). 

From a knowledge of B^, the values of I« and were evaluated on the 
basis of the following equations, viz., 

r (27’66±o’04) X 10 ““*® 2 

I e = ^ gill . cm . 


(18) 


and r,. = r. 


cm. 


(ig) 


wlicre /t is the reduced mass of the molecule and is given by 

/«^=i‘ 649 X gms-, Ai and Ag being the atomic weights of 

A, + Aj 

the two atoms concerned. 


'J'able IV 

Rotational Constants. 


V 

Upper ^5 state. 

Uower .state. 


li' 


ir 





11 


V 

V 

1 


D 

(1 

0 60190 

cm 1 

— 1163 X 10 6 cm 1 

I 

0*63860 

cm. 1 

— T’lOQ^ X TO"® cm. 1 

T 

<■’■59737 

j » 

-t'i57xio-8 „ 

o’63285 

»» 

— I’liSi X 10 ® „ 

0 

o' 5928-1 


-11512x10® „ 

0*62710 

r * 

— I‘T268 X in ,, 


n', =0'rt(i|i7 cm. '' ; D', I ihtio X irr® cm. i ; R", =o’64i<iR cm.“’ ; D", = - I’lo.so x lo 

I'; =145-85 X nr«> gin. cm .2 ; 1", =4i'i8 x io-« gm. cm*, 

r', = 1-664 X io-« cm. r ". =1-615 x 


DISCUSSION OF R L{ S TJ 1/ T S 

Table V contains the mean y-values in the two electronic states for 
different values of v. They have been evaluated by means of equation (ri) 
from A2T, (K + ^) and A.2T2(K-i) values of bands having the same v'- or 
Tj"-value. 

It is evident that since both y and y" are small in magnitude, the terms 
i(y + /) aixH (3v'-/.) representing the magnitude of the intercepts of Av.^ 
(P): Kand Av.al^): K curves, although have finite values, would be indisting- 
uishable from one another. Hence the two curves, which have the same 
gradient, would lie very close to one another. To a first approximation, a mean 
straight line can therefore be drawn for each band, This would pass through the 

7 
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Fig 2 

origin since the mean intercept y — v''/ 2 is negligibly small. Trom the gradient 
of this mean curve, a mean value of y — y" can be eslimated. Such values of 
y^yfi fQj- different bands are also included in table V. In fiigurg 2, a typical 
illustration of the nature of tlic mean curve in the case of (o, o) band is shown. 
It clearly show-s that the wddth of the spin doublets is proportional to (K+ i). 

Table; V 
y- values. 


70 -7o 
7i'-7d' 
7o'-7i" 


r 

Y 

7 " 

0 

0*0303 cm.-^ 

o'o 2 ii 

I 

00329 „ 

0*0197 M 

2 

0-0340 „ 

o'oi 62 ,, 

=sn*Di 27 

cm~h 

7i'-7r=n‘oi42 

«o‘oi39 


72'-7i"^o‘oi4S 

=» o'ni 30 


7i”'72" = o 0158 


n-1 


From the values of y and y'' given in Table V, it is easily seen that the 
spill doubling, although \^ry small in magnitude, is present in both the upper and 
lower states of the band system. Furthermore it is noticed that y increases wdth 
V in the upper state while it diminishes with v in the lower slate. 
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It has been noted elsewhere that from the equality of the doublet widths in the 
(o, o) and (i, o) bands, Pomeroy had concluded that the spin doubling in the upper 
state is zero. This seems to be in contradiction with the present conclusion. It is 
evident from equation (13a) and (136) that if AviglP): K and Av,ij(R):K curves 
for any two bands coincide, it would simply show that they have y' and y values 
difTering but little from one another with variation of v. It would not indicate 
that either of them is evidently zero. It is only when the interval between these 
curves for a given band vanishes that one can consider the spin doubling in the 
upper state to be zero. In the present case although one is tempted to make such 
a conclusion in view of the low value of the interval existing between the two 
curves, the agreement between tlie values of y' — y" obtained from their gradients 
with thOvSe evaluated directly from y' and y" values from the data of combination 
differences, (K) and A2To(K), is too good to be left out of account. 

The present conclusion is also in conformity with the idea that in the low'cst 
state of a series of homologous molecules, as in the case of Call, vSrH, BaH as 
well as ZiiH, CdH and HgIT, the value of y increases in magnitude as one passes 
from a lighter to a heavier molecule. In the case of the "S — > band system 
of BO, namely, the / 3 -bands, y" = o and y' < 0’02 cm.”^ The value of y" and y' 
given in table V are in the right direction for AlO. This shows further that in 
the emission of the two band systems under comparison, the corresponding slates 
of the two homologous molecules arc mOvSt likely involved. The only point 
against this view is that the band .system under consideration docs not occur in the 
region expected from an analogy with the / 3 -.system of BO and witli the — >■ 

system of OaO recently reported.^ Although such deviations are not rare, 
it is of interest to search for new band system of AK"). 
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ON THE CRYSTAL STRUCTURE OF p-DlCHLOROBENZENE 
AT DIFFERENT TEMPERATURES. 

BY S. C. SIRKAR 

AND 

J. GUPl'A. 

{Rcccwcd jo) publicalion^ July jr, 

Plate XI 

ABSTRACT. J I'wo Lane piitlerns of a .single cry^^tal of /’-diehloroben/eiie iiiounlcd with its 
TOO face appi'oxiinaicly normal to the X-ravs have been photographed, one witli the erystal kept 
at a temperature just above 37‘’C and in the ease of tlie other tlie crystal being cooled and kept 
below ^o®C. The two Laue patterns are observed to be identical ISlo evidence is, therefore, 
obtained of the transformation from a to ^-modiheation wliieh Viiks has recently reported to 
have observed by raising the tcinperatiire of these crystals just above while studying their 
kamaii spectra. 

it was first pointed out by Bech and Kbbinghaus ^ that when certain organic 
crystals are cooled below some critical temperatures, a sudden contractioji of 
volume takes place. From this observation, they concluded tliat the contraction 
of volume is due to a change in the lattice of the crystals and that tliesc crystals 
exist in two modifications, one above and tlie other below the critical tempera- 
ture, called the and the u-modifications respectively. (Jne of tlie substances 
exhibiting this phenoineiioii is /i-diclilorolienzeue. Recently, Vuks'"* .studied the 
Raman spectra of the crystals of ^-diclilorobcuzene at different temperatures and 
observed that some of the nev\- lines wliicli appear in the case of the solid state in 
the neighbourhood of the Rayleigh line are shifted slightly with the transforma- 
tion from a- to ^-modification. He also reported to have grou ii a lajge single 
crystal by slow cooling of the melts and observed that the tran.sformatiou mention- 
ed by Bech and Kbbinghaus takes place at about starting from the surface 
of the crystal. Later on. the present authors'^ studied the Raman spectra of this 
substance as well as of ^-dibromobenzeue at different temperatures including that 
of liquid oxygen. It was oliserved that though the transformation point of 
/)-dichlorobeiizeue, according to Bech and Kbbinghaus is 3p“C, the Raman spectra 
at 30^0 and at 45 “C are identical, but when the crystals are once immersed in ice- 
cold water and again brought to the room temperature ( 3 o"C), some of the new 
lines as well as some of the lines due to the intramolecular vibrations of the single 
molecule are slightly shifted. No such change was, however, observed in the case 
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of /)-dibromobenzene, though these two substauces are isomorphic with each other. 
These results led the present authors to the couclusiou that the shift of the lines 
do not definitely lead to the conclusion that these lines are due to lattice oscil- 
lations. The observations which led to the above conclusion have since been 
confirmed by Vuks^ who also has made a detailed investigation of the phenomenon 
and has also reported that the ^-modification of />-dichloroben7.ene is stable below 
32 ’C and the /8-modification above 32“C. 

The question whether actually there are two modifications of the crystals 
under the conditions mentioned above could not be answered unequivocally from 
these observations, but it is only from the X-ray analysis of the crystals under 
liroper conditions that definite information regarding the transformation can be 
obtained. The Debye-Scherrei and Laue patterns of the crystals have therefore, 
been studied at different temperatures and the results arc reported in the presept 
paper. 

n X P E R 1 M E N T A T,. 

Since these crystals had already been investigated, it was first decided t^ 
study only the Debye-Scherrer patterns under different conditions of temperature. 
A cylindrical camera was used for this purpose. A few of the crystals of 
^j-dichlorobenzene (Kahll)aum’s pure variety) were melted in a test tube and a 
small (juanlity of the liquid mass allowed to solidify on a narrow tube of “ Zig- 
zag ” paper mounted on the axle of the rotation apparatus. Three rotation 
diagrams of the polycrystalline mass were photographed, one at the room tem- 
perature (32'’C), one at about 45°C and another at about after once cooling 
the crystals in ice-cold water. In the last case, the camera was cooled a little 
below room temperature with ice and was always kept at about 25“C during the 
exposure by keeping a few blocks of ice in contact with its lower portion. The 
siibsitance in the paper-tube was cooled in ice-cold bath and was at once introduced 
into the camera without allowing it to attain the room temperature. As a slight 
change in the Raman spectrum was observed in this condition, special care was 
taken to obtain the Debye-Scherrer pattern under the same conditions. The pattern 
at 45'’C was photographed by keeping the whole camera in an air bath at this 
temperature which was frequently measured during the exposure. Although the 
film (Agfa duplitized) was also heated in this crude arrangement, the film could 
be developed without any blackening effect due to heating being observed. A 
Shearer tube with copper anticathode and consuming a current of about 7 
milliamperes was used with exposures for about s hours. Longer exposures 
could not be given, the crystals being volatile. 

( )nly two fairly intense lines due to CuKa were observed, the values of 26 
being 52. “3 and 56. °3 respectively. It was found, after comparing with the 
results of a blank exposure with the paper tube only, that these two lines are 
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due to reflections from two planes in the crystal. The positions of these two 
lines were observed to remain unchanged in the Dehyc-Scherrer patterns 
obtained under the three different conditions mentioned above. These results 
indicated that probably there is only one modification of these crystals at the 
different temperatures, and it was thought worth while to investigate the haue 
patterns of these crystals under similar conditions in order to confirm these 
conclusions more definitely. 



A vertical section of the camera used for photographing the Taue patterns 
is shown in figure I. The walls are of wood and lined outside with thick lead 
sheet. The slit S consists of a cylindrical hole along the axis of a lead cylinder 
about 3 cms. long. Just in front of this lead cylinder there is another copper 
cylinder T with an axial hole slightly wider tlian and co axial with that in the 
lead cylinder. The copper cylinder is provided with a groove on the front 
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surface in which a copper disc D fits almost tightly and is kept in position by 
two springs pressing against its edges. This disc also is provided with a 
cylindrical aperture along the axis slightly wider than and co-axial with that in 
the copijcr cylinder. The disc is again provided with a shelf having an aperture 
in front of that in the disc. A small strip of metal M about 5 mm. wide and 
,t/.i mm, thick could be slipped into this shelf. An aperture w^as cut in this 
piece of metal and the crystal C could be mounted therein. A copper rod R was 
inserted in a vertical hole in the wooden walls of the camera and was screwed 
to the copi.)er cylinder T. The upper end of the rod was screwed into the bottom 
of a cylindrical copper vessel V provided with a side tithe near the bottom. The 
vessel V was wrapi)cd in thick woollen cloth. The temperature of the disc I) 
could be raised to about 39"C — 4o“C by keeping water at about 58°C in the 
vessel V for some time. When blocks of ice were placed inside the vessel V, the 
temperature of the disc D came down within a short time to i7°C — i8“C. '|'he 

photographic film F could be mounted on the wooden plate W which couldibo 
taken out or jmt in its position without disturbing the camera. 1 

A few single crystals in the form of plates about 4 sq. mm. in area a^id 
of thickness about o‘5 to n'6 mm. were obtained from a bottle of Kahlbaum\’s 
para-dichlorobenzeue. These crystals were also bounded by shining plane faces 
at one or two of the edges. The crystals are extremely volatile and a bare 
crystal could not be kept intact in its position in the camera for more than two 
hours. Two Raue patterns could not be photogra])hed in two hours. No 
attempt v\ as made to protect the cry.stal with a coating, because that might 
retard the transformation, if there were any. Hence the crystal, was finally 
mounted in a cell with windows made of “ Zigzag ” paper. This was done by 
covering first one side of the aperture ii. the metal strip M with the said paper, 
placing the crystal in position and then covering the other side also with the 
same paper. A small quantity of the .substance placed inside the camera also 
retarded to some extent the sublimation of the single cry.sta]. With the arrange- 
ments mentioned above, it was po.ssiblc to expose the cry.stal to X-rays for about 
six hours and in this time two l/.iue patterns could be photographed. 

As it has already been menlioued the shift of the new Raman lines can be 
observed only when the cry.stals arc cooled much beloiv the room temperature 
by placing them in a water bath cooled by ice. Hence at the room temperature 
(3o"C) these crystals are ordinarily expected to exist in the /^-modification. In 
order to further ensure this condition, a good single crystal about o'5 mm. thick 
was mounted in the copper disc in the way de.scribed above and the disc was intro- 
duced in a test tube whieh was then kept immersed in water bath at about si^C 
for about half an hour. INIeanwhile W'ater heated to about 6o°C was put in the 
vessel V of the camera and after the copper cylinder T became slightly warmer 
than the surrounding air, the warm copper disc was quickly removed from the 
glass tube and put in its position in the camera. The disc was held rigidly in 
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its ])osiLiou by means of two spriii;*s LUid tliu metal strip M cariyhi.i> tlic crystal 
was tightly littcd in the slidf so tlud the crystal could not he easily dislurhed 
by any movement of the camera. The crystal was so mounted that its lar^e 
faces were approximately normal to the X rays. The photographic him wrapped 
in black pai)er was mounted in the wooden plate W which was then placed in its 
position ill the camera. An exposure of about .2.1 hours was ^iven with the 
X-rays from a Coolid^e tube having a tuimsten target the peak voltage applied 
being about 50 K.V. The water in the vessel V was allowed partly to run out 
through the side tube and fresh hot water was added every Jlfteen minutes. In this 
u'ay the crystal was never alhuved to cool down below about during the 

exposure. The lilm was taken out without disturbing the camera and developed. 
Next, without disturbing tlic crystal, it was cooled by kcejiing a block of ice in 
contact wdth the cf)pi)er disc 1) for about ten to ilfteen minutes, and meanwhile 
blocks of ice werciilaced also in the vessel V^. TheTaue iiattern w-as plu>t()graphed 
on another film w ith the same time of exi)osure as before. Blocks of ice were 
added into the vessel V frecjiieiitly during the exposure* Thus twoLaue patterns 
of tile vSame crystal were phot f)grai died one with the crystal never coming below 
37'V and tile other at a temi)erature below ?.oW 'J'liis was repeated with four 
different crystals and identical results w’cre obtained in all these cases. 

K H S n L S AND D 1 S C D vS S T ( ) N . 

The Bane patterns obtained with the hot and tlic cold crystal are reproduced 
in])lateX]. It can lie ea.-^ily seen that the two patterns are almost identical. 
These crystals belong to tlie monodinic prismatic class as has been confirmed by 
Hendricks by X-ray analysis of these crystals. The face normal to the X-rays 
was the 100 face and therefore the h and c axes were in this plane. The direction 
of the c axis in the crystal can be easily identified because the crystal is elongated 
along this axis. Also the direction of the h axis can be easily identified in the 
Bane i)atteni because this axis is an axis of two-fold rotation. It was observed 
by examining the tw o iiatterns that the position of the b axis was the same in 
both the cases, i.e.y when the warm crystal w as cooled below^ 2o"C, the position 
of h axis in space remained unchanged. The oilier changes w'hich could take 
place, if there w^ere any transformation, wove a change in the value of the angle 
and a change in the axial lengths a and r. These changes howover, would 
entail changes in orientation and the spacings (jf many of the jilaiies and in that 
case, at least some of the Laue spots w ould have shifted considerably. vSiiice they 
have not done so, it can be concluded that no such transformation lakes place 
wdth the change of temperature. It may be mentioned here that a change of T' 
in the direction of the normal to a plane hkJ W'ould produce a shift of about i 
mm. in the corresponding Taue spot in the case of some of the spots. 

The structure may alter in another way ; the lattice remaining the same, 
the molecules may rotate to have new orientations in the unit cell. The only 
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l)0ssil)le new structure obtained in this way would be identical with that of />- 
dibroinobeir/X'ne. It has, however, been shown by Hendricks that with such a 
change in the structure, the relative intensities of reflections from many of the 
planes would alter so much that some of the intense spots would become feeble 
and some already feeble would become intense. vSince no sucli change is observed 
in the I^ane pattern reproduced in plate XI, it is doubtful whether such a change 
in structure actually takes place with the change of temperature. With such a 
change in structure, however, no change in volume is expected. 

The original observations in which Hech and ICbbinghaus ntJticed a sudden 
contraction of the volume of the solidified melt with lowering of temperature below 
some critical temperature in this case) wxre repeated. Molten /’-dichloroben- 

zene w^as gradually solidified in a thick test tube. The tube was next immersed in 
water at 3o'T\ It w as observed that the wdiole mass near the inner surface of the 
test tube became transparent and its refractive index being nearly equal to jhat 
of glass, the surface of contact between the substance and glass walls could bot 
be distinguished. Some portions of the sul)stance round the axis of the tupe, 
however, wxae opaque and therefore the whole mass looked detac'hed from the 
walls of the tul)e, though actually it was not so. On immersing' the tube \ii 
anotlier w^ater bath at about 39°-4()' C, cracks developed at the surface of contact 
and the whole of the surface of contact became visible in a minute or two Thus 
it is evident that there is no almonnal cojitraclion of volume of the vSul)staiice on 
cooling it beloW' 39^C and the whole phenomenon is due to the equality of 
refractive indices of the sal)stance and glass and also due to difference in the 
expansion f)f the glass and the crystals during sudden heating or cooling. 

The above results that there is only one lattice in tliese crystals at different 
temperatures are significant in view^ of the fact that some changes lake place 
ill the iiositions of the Raman Hues close to the Rayleigh line, w’hen the crystals 
arc once cooled belo\v 2o"’C and brought back to 30"" C again. 

vSome other (ngaiiic crystals studied by Bech and Ebbiughaus will be 
examined with the help of X-rays .shortly by the present authors. 

The anlhors are indebted to Prof. D. ]\1. Bose for his kind interest in the 
liresent work and for providing all the facilities for carrying out these investiga- 
tions in the Palit Eaboratory of Physics. 


Unix eusitv Coriuf'.E or Science, 
UiM’EU CikCruAr Road, 
Calcutta. 
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INVESTIGATIONS ON THE RELEASE OF ELECTRICAL 
CHARGES UNDER MODERATE PRESSURE FROM 
PHOTOGRAPHIC PLATES AND OTHER 
MATERIALS.* 

Bv Prof. K. PROSAD 

AND 

L. M. CHATTER JEE. 

[Received joi l^ublicatio)i, ii), 

ABSTRACT.—An attempt has been made to ,stud_v svliether any eleetrie charges are developed 
wlicii moderate jiressure is applied on a photographic jdatc or film, i.e., to see how far the ejec- 
tion of electrons can serve as a physical basi.s for the pres.siirc effect found. I'rom the 
measurements recorded in the paper, it cannot be decisively asserted that there is an ejcciioii of 
electrons when photographic plates or films are pres.sc(l moderately. Suggi stions for future 
line of experiments to test more adequately the livpothesi.s have been made and it is hoped to 
undertake these measurements as soon as ojrportunity I'ermits. 


INTRODUCTORY 

It is well known that agents oilier than radiation may leave their iiiipriiit on 
a iiholographic plate. Mechanical scratches as lines drawn by round point style 
are developable. M. Volmer* has described some experiments wherein an im- 
pression was made upon a photographic jdate by drawing fine lines with rounded 
end of a glass rod. He referred to this as a pressure eflect. Waniercke^ seems 
to have been the first to note the effect of writing on a ])hotographic film with a 
rounded gla.ss rod using gentle pressure so as not to scratch the film; these marks 
developed out black. If, however, the plate was fogged with daylight before 
developing then the marks came out white on a dark back ground. This is the 
well known phenomenon of Thotographic Reversal and an interesting account t/f 
it may be found elsewhere.’’’ ^ The object of the present investigation was to 
study whether any electric charges are developed when moderate pressure is ap- 
plied on a photographic plate, i. c., to see how far the ejection of electrons can 
serve as a physical basis for the pressure effect found, as was sugge.sted by one of 
us in a recent paper.'* 

• Communicated by the Indian Phy.sical Society. 
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r H o c r: d ij r k and a p p a r a r u s 

As the i>hoto^ra])liic plate liacl to be protected from li.uht, it was put inside 
a black ])aper envelope, the i)aper being previously well soaked in clean molten 
paraffin wax to make it insulator ; so during experiment, the composite system 
consisting of paraffined black paper, photoactive material s])read over the thin 
glass jilate and the glass itself was under pressure. To determine the effect of 
pressure on the photoactive material alone, we also tested the effect of ]jressurc 
on the same glass plate, devoid of photoactive layer and put inside the paraffined 
black paper ciiveio])e. Alternatively, we also cut out two pieces from a photo- 
graphic film, one of these was developed out without exposing to light and the 
remaining was left fresh, 'riietwo were placed side by side inside a paraffined 
black paj)cr envelope. The pressure was first applied on one piece and then on 
the other. T'he difference, if any, in the electrical effects ]>ro(luccd under pressVire 
in the two liieces was attributable to AgBr alone. 1 



I ' ,1 

I-- l■86cmt< 


Details of lest disc and gu/ml ring. 

Figurk 1. 

In figure i, P is a photographic plate or film inside the envelope under test. 
The envelope lies on a stout brass plate at the bottom of an earthed metal box; 
the column standing vertically on P and being pressed by the lever T consists 
of (0 an amber rod A which is surrounded tightly by a hollow earthed brass cylin- 
der B and (ff) a hard wooden rod vS fitting closely into a groove at the top of the 
cylinder B, the lower end of vS resting on A. C is a pi'operly and rigidly clamped 
stout hollow brass cylinder acting as a guide to prevent lateral play of the press^ 
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inp: column* 'I'o the lower end of the amber pillar arc Hxed a circular brass disc 
T, 0*64 sq. cm in area and an earthed concentric guard-rinp (1 flush vvitli T. The 
clearance between the rins and the disc is <ibout imn. A thin copper wire M 
connects the test disc T through a narrow bore in the aml_)er rod and comes out of 
the pressing column sideways through a sufliciently wide [ -shaped boring in the 
wooden rod S, such that the wire does not touch any part of the wooden rod. The 
other end of this wire is connected to the imstdalcd pair of the quadrants in a 
Dole7.alek electrometer. Thus any charge received by the disc O' fixed at the 
lower end of the pressing column and placed in contact with the enveloi)e contain- 
ing the photographic plate, w ill be indicated by the electrometer. A Wulf 's 
single fibre electrometer was also eniph'^ycd as an alternative detecting instrument. 
Tf there be an ejection of electrons due to the jnessure applied by the lever ar- 
rangement on the photographic plate or him, the surface of the plate will dcveloj) 
a negative charge at the localities inx-ssed ; this will act inductively on the test 
disc accross the paraffined paper dielectric and the electrometer wall indicate an 
acquisition of a negative charge. As the film is covered by an intervening 
layer of paraffined paper any charge released by pressure on the later will also 
simultaneously contrilnile to the indication of the electrometer. As we are con- 
sidering either (/) the difference of electrical ellect of pressure on a fri'sli film and 
that on a film developed Avilhont exposing I0 light — each under the same paraffined 
])ai)er envelope or (ii) the difference of electrical elTecl of pressure on a fresh photo- 
graphic glass-plate and that on the glass-]>late from which llie active layer has 
l)eeii removed — each, as before, enclosed within the envelo])e, so the charge 
released, if any, by pressing the envelope alone does not come into consideration. 

K U S U I, T S A N 1) 1) I S C U vS S H) N S 

Maximum pressuic aj)i>lied was of llie order of x lo*' dynes per sq. cm. 
Ill general, a release of considerable amount of negative charge w\as show n l)y the 



Figure 2 . 
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electrometer when the system Avas pressed and a substantial decrease of this nega- 
tive cliarge and sometimes a definite appearance of positive charge were observed 
when the pressure was removed. Observations clearly illustrating the develop- 
ment of positive charges whenever the pressure was released from a glass plate 
under paralFined enveloi)e are plotted in figure 2: but as the mechanism of this is not 
very clear, discussion on the point is postponed for the present. Magnitudes of 
these charges were dilTerent for different inessures and no regular relationship w^as 
found to exist betw^een them. In a series of observations with a particulai pres- 
sure, the observed charges differed appreciably and sometimes considerably from 
one another as will be seen from the figures in table 1. A sudden substantial 
decrease of negative iiotential indicated by the electrometer when the prCvSSurc is 
removed cannot be accounted for by the assumption that there is a change in the 
capacity of the system when pressed; because with a set of film and envelope the 
capacity of the system with tlic test disc T loosely placed on the envelope and tliijit 
with the disc pressing were ahso measured ; the dilTercnce was found to be tclo 
small to account for the observed changes in charge, as is evident from IhV 
actually measured values given below : — 

Tcjtal capacity of the whole system iiiclucHug the quadrant electronu trr and 
the connecting \N'ires. 

Test plate loosely placed. With a pressure of 2 u x 30*’ dynes on Ihe 

lest plate. 

61 '560. s. u. 6 j ‘63 e. s. u. 

Tabi.k I. 

Negative charge indicated by the elcclro-iiietcr in inicro-inicro-coulonibs 
per sq. cm. of the surface pressed. 

Nt), of 


observations. 

in case of fresh him 
under envelope. 

in case nf developed 
film under envelope. 

in case of parallined 
])aper envel(»pe 
alone. 

I 

13-68 

9-58 

9-58 

2 

6'8-i 

4‘io 

io“94 

3 

5‘^7 

i3’68 

5 '47 

4 

12-31 

8*21 

8-21 

5 

6-8.1 

6-8^ 

5‘47 

6 

10 ’94 

5M7 

12*31 

7 

6-8/1 

IO-Q4 

8’21 

8 

5 47 

6-84 

10*94 

9 

13-68 

13-68 

8-21 

10 

9 ' 5 %. 

10*94 

9-58 

Average 

cyi 6 

9*03 

1 

8 '89 
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Thus the average negative charge released, wlieii a fresh photographic film 
under envelope wsls pressed, was practically the same as that when a photogra- 
phic film developed without exposing to light and placed inside the envelope 
was pressed. Also the average negative charge indicated by the electrometer 
when the pressure is applied on a photographic plate inside the envelope was 
found roughly the same as in the case of a glass plate alone put within the 
envelope, the photosensitive material being removed. From these measurements, 
therefore, it cannot be affirmatively and decisively asserted that there is an 
ejection of electrons when i)hotograpluc films or plates are pressed moderately. 
But as pointed out later, further modifications in the experimental technique seem 
desirable before deciding the point. 

In course of these experiments an interesting phenomenon was observed 
which is worthy of a detailed description. It was deckled at first to ascertain 
what fraction of the total charge observed in tlic above-mentioned experiments 
was contributed by tlie compressed paraffined i)aper ; the investigation was 
rei)eated with a piece of paraffined paper alone and later on with a thin plate of 
])araffiii wax. It was found that a considerable amount of negative charge, as 
indicated by the electrometer, was given out when these are pressed. These 
charges are solely due to tlie application of pressure. It is unlikely that any 
appreciable i)ortion of the charge is due to friction. In the arrangement adopted 
every precaution was taken to eliminate sliding contact of the surfaces. The 
lateral play of the lest disc '\\ if any, was exceedingly small and could not account 
for the magnitude of the charge actually developed. It was observed that wdieii 
jn'cssure is applied, the negative c'liarge at first arivSes very suddenly and in large 
quantity and then slowly increases as the time goes on ; and the total negative 
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Figure 3. 

charge released tends to approach a limiting value, as will lie seen from the figure 3 
which grai)hically represents how the quantity and the nature of the charge as 
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indicated by the electrometer connected to the test disc T vary as the pressure 
IS successively applied and removed after interval of 3 or 4 minutes. It is certain 
that this squeezing out of the electrons cannot continue indefinitely, as the 
removal of the electrons from the crystallites and groups of molecules of the body 
under pressure will leave them positively charged which will tend to stop further 
movement of electrons towards the surface ; also a paraffined paper or a thin plate 
of paraffin wax first rapidly and then slowly and gradually yields to the applied 
pressure ; these facts explain the observed phenomenon that some time is elapsed 
before the maximum negative charge appears on the surface and the electrometer 
indication reaches an approximate saturation value in about 5 minutes and then 
very slowly creeps on. As the pressure is released the S(|ueezed out electrons in 
the plate gradually recombines with the residual jiositively charged crystallites 
and groups of molecules left in the body. These electrons now go back to the 
interior and there is a marked decrease in the negative charge. It is not easy jto 
explain the definite appearance of po.sitive electrical charge which was actually 
the case on several occasions when pressure was removed. This may be due to 
some peculiar changes which take place when the conqircsscd paraffined paper Or 
a paraffin wax plate is relieved of pressure and gradually tends to .settle down tij 
its normal condition and is, to a certain extent, analogous to the piezo-e]cctric\ 
pheuomena found with quartz and a few other cry.stals, or it may be that 
electrons under released i)rcssure overshoot their former equilibrium 
positions. 

These experiments serve to indicate that the negative charge released by 
pressing the jiaraffiued paper envelope is so large (see Table 1. last column) that 
it may altogether mask the little charge w'hich might have been released by the 
apiilication of pressure on a photographic plate put inside the eiivolpe. It could 
not be decisively settled that electrons are ejected wdien a photographic film or 
idate is pressed. It would be interesting to rejieat the experiment in complete 
darkness without the use of the paraffined envelope and we hope to take up this 
work as soon as opportunity permits. 

In conclusion, we should like to record our thanks to Mr. S. N. Chatterji 
for help m drawing the figures. 

R p: 1‘ r r r n c p; s 


' M. Volmer, Phot. Vmkfhrmioscrchcinii^ificn Trcivif^. Diss. J.i’if'-.itt, I'Jio 
2 Phot. Archh'. j3o; 1881. 

S Hull, .‘iciciicr Coll Phil. Soc., Patna No. 6, January, 1936. 

* K. Prosad & others, Zeit. fur Physik, 102, 259 (1936). 
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THE MISSION OF THE PHYSICIST IN NATIONAL LIFE. 

By prof. M. N. SAHA, D.Sc., F.R.S. * 

The Indian Physical Society is now passing through the third year of its 
existence and so far there has been no precedent compelling the president to 
deliver an address. M^hen we c,on.sul( the practice in similar societies in Kurope 
and America, we find that there is no uniformity of practice- The German Physi- 
cal Society with branches spread overall Gerinan-speahing countries does not com- 
pel its President to deliver any addre.ss ; neither do the h'rencli nor the American. 
In the Physical Societj of Tondoii. the President, who holds office for two years, 
delivers one address during his tenure of office. 1 believe that in this respect, as 
in many others, it will lie wise for us to follow the British jiracticc. 

The next point is choice of a subject. The Piesident of the Physical Society 
of Toiidon generally delivers an address on sometopii’ of cuirent scientific interest. 
I think that the president of the Indian Physical Society should follow the same 
practice. But as you are probably aware, your President has been on tour through- 
out the major part of the past year, and he has not yet found time to sit down 
quietly and write out a jiurely .scientific address. You will therefore excuse me if 
instead of delivering a purely scientific address, 1 entertain you to a kind of 
miscellanv consisting of my exjierieiices, as far as our subject is concerned, which 
I have gained in cour.se of my travels, and of the future of our Profession in 
this country. 

IN T TI li K (■) Y A Iy T N vS T I T V T ION. 

I will begin by recounting my experience which I obtained in 
course of a recent visit to the Royal Institution of Great Britain ; the 
present director. Sir William Bragg, President of the Royal vSociety, was 
kind enough to guide me personally through the scientific exhibits— reminiscent 
of the scientific works of his predecessors— Davy, Faraday, Tyndal and 
Dewar, and also of the earlier work of Count Rumford, the founder of the 
Royal Institution. Here I saw, not without a certain amount of thrill, some 
of the material used in the famous experiments which are now familiar 
wherever physics is read and practised : the famous ring of iron with copper wire 
which formed Faraday’s first dynamo ; the heavy bent glass tube with a yellow 

♦ Presidential addre-ss delivered at the Third Annual General Sleeting of the Indian 
Physical i?ociety, held at Hydcrabad-Deccan, on the 6th January, 1937. 
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liquid in one arm ; which I recognised as the apparatus in which Faraday lique- 
fied chlorine by the combined applicatioxi of pressure and low temperature,'— the 
little kerosene lamp (Davy’s safety lamp) with the wire-gauze mantle about it 
which made raining safe, and a large number of others of which you may read a 
full account in the graphic description given by Sir William Bragg in his introduc- 
tion to Julian Huxley s charming book * On Social Needs and Scientific 
Research/ But what struck me most was the idea with which the Royal Institu- 
tion w^as started. Probably very few of you wall be prepared to believe that it 
started as a Society for inipi oviiig the condition and adding to the comforts of 
the Poor by Count Rumford and a few other kindred spirits. To understand the 
significance of the new idca» we should remember that uj) to this time, philanthropic 
work was the monopoly of religious institutions alone, w ho set to do their task by 
giving doles to the poor or opening relief w^ork for them. But this was not the 
way which Rumford proposed to follow in his self-imposed mis»sion. He foresaw 
that Science had made possible a new* kind of philanthropy, and if the knjbw ledge 
of science were utilized to the comiiion needs of mankind, great economy (tould be 
effected, and the poor would get relief against hunger, disease and weather at a 
cost which would be within the reach of everybody. Tet us sec how he prciceeded 
in his w^ork. A single example wdll show. \ 

From his scientific studies, Rumford found that fire-places, boilers and cooking 
appliances in those days were very badly designed, and consumed a very large 
amount of coal. He designed new^ types of fire-places, boilers and cooking pots 
in which the consumption of coal w'as very substantially reduced so that poor 
people might cook their food at much reduced expense, w ould have not to inhale 
unhealthy fumes, and could get sufficient w^armtli and comfort. • Through some 
of his friends who were connected with big hospitals, he tried to introduce these 
new appliances amongst the public. But did he succeed ? 

Sir William Bragg has a pathetic story to tell us. When these im])roved 
kitchens, and heating arrangements, the principles of which are now incorporated 
in all modern housing establivshments, w'cre introduced in some hospitals, they 
could not be made to work owdng to the hostility of the cook who had the perqui- 
site of the dripping and her husband who had the perquisite of the cinders. 
What a lesson for all limes ! 

Now' to come to my point, — the basic idea Avilh a\ hich Rumford started 
w-as that all human needs can ho met and luiniaii distress relieved by 
systematic and judicious use of .scientific knowledge. This is more true in these 
days than in former times on account of the w'onderful progress science has made 
in all directions. If in any country medieval conditions still prevail, you can 
always presume that there is always some stupid orthodoxy, or entrenched Greed 
to oppose these humatif schemes. This is nowhere more true than in this un- 
fortunate land of ours 1 
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The Mission of the Physicist in National Life 

We cannot claim that application of the knowledge which a study of our 
subject has given to the world has always l)een attended with humane motives. 
Most frequently, the impuLse has come from the motive of greater profits to the 
inventor. But nobody can deny that the ai)plication of such knowledge has 
entirely transformed the modes of living in the world during the last hundred and 
thirty years and has incidentally brought greater comfort to the poor and the 
needy. Whether the changes luive been humane or not, there is no doubt that 
they have transformed all arts and crafts, and the modes of human life in Kurope, 
America and Japan. Says Prof. K. T. Compton : — 

“ Historically we note that the Science of Physics has given birth nearly to 
all those ideas, piocc.sses and agencies which have brought man to an under- 
standing of the Material Ihiivense, and to the use of its forces, Civil Pmgiiiecring, 
a large part of Chemical luigineering, TMelallurgy, Klectrical Communication, 
Refrigeration, Testing, Ventilating, Automotive, and Aeronautical and the count- 
less products of those arts which have revolutionised modern life, not only in its 
material aspects, but also in intellectual, economic and social relationships. Physics 
has not only originated these things, but coutinues to develop them.'* 

As a matter of fact a science which is jdaying such a great ])art in the evolu- 
tion of liumaii civilisation has certainly a great claim on vSocicty and Governments. 
The material prosperity, and political safety of countries are intimately connected 
with the active cultivation of our vSciencc. 

It is therefore natural that in Kurope, America, and Japan, increasing atten- 
tion should be paid to the teaching of our subject in elementary and advanced 
schools, in professional schools, in the universities and technical high schools, in 
special research institutions maintained by the Government, private benefactions, 
or by the great industries which have s]jruug up as a result of the discoveries 
made in physics. Large amounts arc willingly spent on research by Govern- 
ments and Research P'ouiidatioris. In Kiigland, the country which we follow, the 
change in the official attitude and the attitude of mdustrialists towards research 
since the Great War has been lemarkablc. Sir J. J. 'riiomsoii records in his personal 
recollections that in his days he had great difficulty in getting money for a little 
extension to the overcrowded Cavendish Laboratoiy and he had to do it by 
accutiiulaling little savings for a number of years from the reccurring laboratory 
grant. But largely as a result of the lessons learnt during the Grent War, the 
attitude has been completely changed. Not only are the University labora- 
tories far better equipped, but the number of research fellowships have increased 
enormously. You have all heard of the magnificent gift of Sir H. Austin to the 
Cavendish Laboratory, and of Lord Nuffield to the Oxford University, part of 
which will be spent on the iinprovenieiit of the Clarendon Laboratory. Further, 
the department of Industrial and Scientific research spends about 1-30 million 
pounds in giving small doles to research workers, and a large number of them 
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are workers in physics. 'J'hc Royal Society of I/ondon has been getting endow- 
ments for founding research professorships, and only a week ago, they were 
recipients of a magnificent sum of two million pounds. It is calculated by 
J. Huxley that the Industries in Kiigland spend about 5 to 6 million pounds in 
scientific research, and in the United States of America about 300 million dollars are 
annually spent in scientific research by Industries alone. A large part of this sum 
naturally goes to researches in pure physics or to researches in associated subjects. 
As a result of these endowments I found very few students of jdiysics un- 
employed ; for the intellectually-minded it is finite easy to get research fellowships 
which enable them to kee]) the wolf out of doors while they are struggling with 
a fundamental problem, h'or those who have a mechanical and commercial bent 
of mind, there are hundreds of industrial concerns willing to profit by modern 
discoveries. What a sad contrast to the medieval conditions prevailing in this 
country ! ! 

U N P. M V Iv O Y M li N T A M ( ) N (.; ft T V 11 Y ft I C I ft TS IN 1 N 1) 1 A . 

The conditions prevailing in Europe, America and Japan with respect to the 
cultivation of the iihysical sciences and the place of the pliysicist in national 
life may be contrasted with those prevailing in this country. It is not many 
years that Physics found a place in the curricula of Ibiiversity and elementary 
education which is compatible with its importance. In fact, serious study of 
physics in the Indian Universities was first taken uj) only after the Ihiiversity 
reforms of 1904. Since this time, however, ])hysical laboratories have been afided 
almost to every university and college, and the schools are also gradually taking 
up the subject. A few of the University laboratories have grown into active 
research centres, and Indian Physicists have within a short time made original 
contributions to their subject the value of which is recognised in the uorld of 
international science. In spite of such auspicious beginning, it is feared that 
cultivation of the subject has not taken root in the soil of the country, which 
alone can ensure its vigorous growth in future. ICvery senior teacher in Physics 
knows how difficult it is for their meritorious students to get a footing in life ! 
It is a common experience that many young physicists who have proved their 
worth by making lasting contributions to the subject, have to wait for years before 
they can get a position in life, and many liavc not succeeded in getting any post 
at all ! It is the duty of the Indian Physical vftocicty to analyse the causes of un- 
employment amongst the younger physicists, and devise methods for its cure, 
otherwise our science has no future in this country. 

The causes of unemployment are not far to seek. The number of j)osts 
available for a Iraiiicd^physicist in India is very small comi)arcd to those avail- 
able for chemists. It is largely because industries which aksorb a large number 
of trained physicists have not developed in this country. Eet us see how prospects 
in these directions can be improved. 
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Physicisis in the Teaching Ptofcssions^ 

The largest number of physicists is to be Itmncl in the echicatioiial lilies as 
professors of various grades in Universities, Colleges, hhigineering Institutions, 
and as teachers in schools. Unfortunately, the number of University teachers in 
Physics is generally very iiisunicieut, and has not kejU pace with the rapid growth 
of the subject. In every Kuropean and American Uuix'ersity, the number has 
almost doubled within the last ten years. ( )iie particular feature is the creation 
of posts of '‘Theoretical Physicists'’ in every Ihiiversity, as it has been felt 
that very few physicists can now’ handle competently both the theoretical and 
experimental sides of our subject. 'Fhis inactice should be followed in India by 
the creation of posts of theoretical physicists in every Iiniversily, Intermediate 
Colleges, and Knginecriiig Colleges. 


Need oj Rejrcshe} ('ouisc foi Science Masleis. 

Ihider the new conditions which have been in vogue since 19^3, between 
teachers of physics in intermediate and Ungineering Colleges and those in tlie 
Universities, almost a Chinese wall of separation has been created. It is almost 
impossible for one who has distinguished himself in research work to get an 
employment in any intermediate College, for the authorities with whom decision 
rests have developed an obsession that those who have made a name in research 
work are unlit for leaching work in the schools and colleges. In lingland, on the 
contrary, I found the opposite opinion to prevail. Nobody is considered 
competent to teach even in a school or in a junior college unless he has some 
research training. In vScandixiaviau countries, I found that U'uiversily teacliers 
and science masters in what w^c call Intermediate Colleges are all State employees ; 
and by a very useful arraiigciiieiit, science masters are enabled to take leave after 
three years, for a period not exceeding one year, wliicli time they utilize in taking 
a full course in research, and qualifying for the doctorate degree in one, two or 
more turns. Science masters who have thus qualified themselves are allow^ed to 
compete for university posts, and I found that many prominent Scandinavian 
men in Science have risen from the ranks of vScience masters. I tliiiik tliat some 
such practice may be follow'ed in our country, so that science masters in schools 
and teachers in Intermediate Colleges may be enabled to come to the University 
to do some research work under competent professors. When .some of them have 
shown aptitude in such work they should be allowed to qualify for their 
doctor's degree. Encouragement should be given lu the way of better 
prosiiecls and promotions to enterprising science masteis, who have shown aptitude 
in research. 
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The effect of such an arrangement would be a much greater efficiency in the 
standard attained by science teachers in the Schools and Intermediate Colleges 
who under the present conditions find it very difficult to keep in touch with the 
rapid jirogress made in our suljjects, and it is our experience that after a number 
of years they lose all interest in their subject 

As an example of the evil ellects of the present system I may cite the example 
of a Professor of Physics in a junior college in this country whom I met in 
jgii. He had never heard of the electron, because it had not been discovered 
when he took his M. A. degree in 1891. Even amongst my own students 
who have become professors in junior colleges after a good career, I have found, 
after such people have remained in the country for a number of years, they 
reveal appalling ignorance of all modern developments. I need hardly add 
that it is unsafe to place young boys in such hands, and the only remedy is to. 

I 

arrange for refresher courses in the way suggested above. 


n M P Iv C) Y M K N T O 1- r IT Y vS I C I 8 SIN IT O 8 P I T A IwS AND 
M H ]) 1 C A L 1 N 8 'r I T II T I O N >8 . 

It is usual for medical colleges to employ a teacher in Physics for giving 
junior medical students elementary lessons in physics. But there is now 
greater need for employment of Physicists trained in research in medical insti- 
tutions and hospitals. Most hospitals are now provided with X-ray sets, and with 
Radium. iP this country, it is the practice for medical authorities to train 
a medical man in the use of these apparatus according to the rule 'of thumb 
method. Whenever any difficulty occurs in the management of Ihe apparatus, 
they usually call an exjjerl engineer from outside to liel]^ them. 

It is superfluous to add that such a practice is not only harmful but inefficient 
and expensive in the long run. In liuropean countries the government 
maintain a number of trained [ihysicists for the service of Jiospitals. 'I'heir duty 
is to keep the X-ray plants in order, assist the medical men with expert advice 
about the handling of apparatus and carry out researches, on the standardisation 
of the doses to be applied. 'J'hey sometimes conduct researches bearing on 
medical subjects in collaboration with medical men. Many hospitals in our 
country have now large quaiitilies of Radium which are kept in small quantities 
distributed in a number of tubes As Prof. D. M. Bose pointed out sometime 
ago, this practice limits the utility of radium and is sonietinrcs very ineffective. 
Radium should be kept under the charge of a trained physicist in a safe place 
in the hospital and the eiuanatioii evolved should be collected and stored in 
small tubes and given to m^sdical men, official as well as non-official, on payment 
of small charges. Needless to say that this is the practice in all foreign 
countries. 
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Theare are indications that in future the latest advancements in physics 
will be more and more used for the investigation of fundamental medical and 
biological problems. During the Harvard, tercentenary, I listened to a very 
interesting lecture by Prof, A. Krogh of the University of Copenhagen who 
in collaboration with Profs. Niels Bohr and Von Hevesy, is developing a fine 
technique based on the use of heavy hydrogen and radioactive isotopes of light 
elements for the study of fundamental physiological problems. As you are 
aware, it is possible now to obtain radioactive varieties of light elements like 
Na, Mg, which occur in our foodstufl and can be administered internally. In 
contradistinction to the ordinary varieties of these elements which, when taken 
as food or medicine undergo such chemical transformation within the liuiuan 
system as to render their identification impossible, the radioactive varieties 
each carry a special label, in the form of their ability to emit electrons or positrons 
with a certain life period, which render the com se of diffusion of these elements 
through the system extremely easy of detection. Krogh, Madam Curie-Joliot 
and others have pointed out the extreme utility of this new technique for 
biological investigations and in course of niy travel, I found that many great 
centres of research are equipping Iheniselves with the latest appliances for 
producing artificial radioactivity in common elements. Thus physics which 
has so long been accused of dealing only willi lifeless matter is placing at the 
disposal of medical science a fine technique for investigation of biological 
problems. I see a time when medical hosj)itals will be provided with cyclotrons 
for the production of light radioactive elements, and their adniinivStration to the 
human system. These arrangements will require the services of trained research 
workers in nuclear physics. 


A B N T) T A RADIO vS K R V 1 C . 

The avenues of employment for the trained physicist have enormously 
increased in Western countries as a result of the opening of broadcasting services 
and television. Quite a large number of trained physicists arc also absorbed as 
ordinary officials in charge of broadcasting stations, in factories manufacturing wiie- 
less goods and also in the research sections of factories and broadcasting services. 
A large number of men with very ordinary knowledge of physics are absorbed 
as wireless oj^erators in ships, in the army and the navy. The system of 
recruitment for these services in this country are such that they practically 
favour oniy one community. It is almost impossible for Indian students to 
get employment in these services. 

In recent years, a Broadcasting Service has been opened in India under 
the name All-India Radio/' with headquarters at Delhi. In this connection 
the following comparative figures may lie of some interest : 'I'lie United Kingdom 
with a population of 50 millions, has issued seven millions receiving licenses, i.c . , 
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one man in seven in the ITnited Kingdom has a receiving set. In India the 
total number of receivers is only 38,000, i.r.., one man in 10,000 has a receiver. 
The objection may justly be raised that in the above comparison we have not 
taken into account the comparative poverty of India. This may be arrived at 
from the fact that the consumption of electricity per capita is only 6 units in 
India, while ill Kiigland it is 420 units, /.Li., the average Englishman is 70 times 
richer than the Indian. On this basis 011c man in 500 in India ought to possess 
a receiver. The figures are twenty times lower. This shows that the manage- 
ment of the All-India Radio leaves much to be desired. 

I have gone carefully into the cause of this inefficiency, and have elsewhere 
pointed how matters can be improved. All broadcasting organisations must 
have three well-organised sections — the technical section, the programme section, 
and the research section. 'J'he duty of the technical section is to construct 
transmitting stations, look after their ruiiniug and maintenance. The work 
of this section can be carried on only by a competent technical staff who should 
have a thorough gras]) of the fuuclaineutals of the science, and should haVe 
opportunities of receiving practical training. It is well known that the (Govern- 
ment has taken no steps to train a technical staff in India nor have utiliml 
the available human material (which exists in plenty) in the country for this 
purpose. They depend entirely upon the foreign companies for helping them in 
this matter, and I am told that calls are frequently made upon foreign experts for 
setting apparatus right. 

1 do not wish to talk about the programme section which has received 
sufficient attention in the pul)lic press. The research section in a Broadcasting 
(.Irganisatiou is as important as the two other sections, as a good deal of pains- 
taking work is needed before the proper site for a transmitting station can be 
found ; also for finding out the right conditions for short and long distance 
trausiiiissioii, the causes of fade-outs, and signal strength measurements. vSuch 
research cannot be conducted by the tecliuical staff of a government department 
but can only be carried out by a Radio Research Board consisting of Ihiiversity 
Professors, representatives of Post and Telegraph, and of manufacturing eonceriis 
and other parties interested in the development of Radio. This is the practice 
followed in all European countries, in America and in Japan. 

Early last year the Government invited Mr. Kirke, the head of the research 
department of the Briti.sh Broadcasting Corporation, to report on the steps to 
be taken for the development of radio in India. Though it is now over eight 
mouths that Mr. Kirke submitted his rei)ort, it has not-yet seen the light of 
the day. I understand on reliable authority that many of the useful suggCvStions 
pul forward by Mr. Kirke are being shelved by the Government of India. 

Though some of the Indian Universities have done fundamental research 
work in the propagation of radio waves, the Government has never asked for 
their co-operation, and has never encouraged them either by giving 
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grants for research or by absorbing their students who have received s]>ecial 
training . 

TliA authorities in India are apparently of opinion that all the necessary 
research on radio in'oblein in India could be very well undertaken by the newly 
formed research section of the Alblndia Radio : its organ, huiian Listener, in 
an editorial, gave expression to the same view. In a letlei to the Ivditor (Indian 
Listener, Aug. 7, 1936), I pointed out several reasons why the research of 
the A. I. R. caunol perform the functions of a national radio research board. 

** In the first place, the research section will be more concerned with 
immediate engineering i)roblenis of a commercial nature, and will not be able 
to undertake investigation of problems of a fundamental character, which 
is one of the main items in the programme of work of the Radio Research Boards. 
Ihis is because the academic atmosidiere which is necessary for the study of 
such problems is entirely wanting in the research section of u broadcasting 
organization. 

Secondly, it has been our .sad experience in the past that when a Government 
Department takes upon itself the task of carrying on fundamental research work, 
the duties of the officer engaged for the purpose very often begin and end in 
going through an interminable series of official files and the officer is hardly 
allowed any time for cpiiet thinking and sustained work ; the desire of the Gov- 
ernment to carry out such investigations ultimately reduces to mere pious hope. 

Thirdly, it has not been found possible for the research sections ot other and 
much bigger broadcasting concerns to take upon themselves the performance of 
functions of Radio Research Boards, and it will no more be .so for the newly 
formed similar section of the A.I.R. 

(It may not generally be known that the British Broadcasting Corporation has 
a research section of which Mr. Kirke is the head. It deals with problems arising 
out of the technical development of the engineering of broadcasting and it has 
neither been within its scoj)e, nor has it ever been its aim. nor indeed is it possible 
for it to perform the functions of the Radio Research Board.)'' 

OTHKR AVKNTTKvS OF RMFLOYMKNT VOU T B IC 
TRAINED PH Y vSiCl STS . 

Beside.s these departments, services of physicists are largely required for the 
Meteorological Survey of India. It is a rapidly expanding department and on 
account of its importance not only with respect to civil life, but also for the in- 
creasing demands of aerial transport, it should em[»loy more physicists in future. 
The Geodetic Survey of India employs a few physicists, but the lunnber may be 
considerably increased when a department of geophysics, including seismology and 
terrestrial magnelisin, were added to it. The recent earthquakes in different 
parts of India have aroused the people to the importance of the tact that the 
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suf^ject of earthquakes should be scientifically studied. It is understood that 
S(;me time ago the ( rovernment of India appointed a Committee consisting of 
different heads of scientific services to go into this question. They gavjy* a very 
detailed plan of installing seismographs in about 40 centres distributed all over 
India and in representative regions. Every one of these stations was to be 
managed by physicists whose duty would be to keep the instruments going, 
collect seismograplis and try to find out the causes of earthquakes. In addition, 
there was to be a central seismological laboratory where researches on the 
possibility of prediction of earthquakes on the safety of buildings and other 
related plienonienon were to be investigated. We understand however that this 
very useful and sensible proj)Osal has been turned down I)y the Government on 
the inevitable financial grounds. 

R T V n R r IT Y 1 (' S h A BORA T O R I E vS . 

It is also hoped that in future the Government would see the wisdom cf 
liaving a number oi river physics laboratories in diQercnl regions of India. \ The 
importance of such a laboratory for the building up of the country caiinoi be 
overestimated. India is a land of big rivers and from time iiiimcmorial, liuman 
life has concentrated in the valleys of the great rivers, the Indus, the Ganges 
and the Brahmaputra and the South Indian rivers, the Godavari, the Krishna 
and the Kaveri. All the great centres of civilisation during tlie last 5,000 years 
have flourished 011 the banks of these rivers. But the rivers are liable to change 
their course and if they are not properly trained, not only do they cause floods 4Bd 

0 

erosions, but the tojxigraphy may be changed to such an extent as to give rise to 
unlicalthy swamps and t(3 malaria. The fate of the old centres of civilisation 
like Pataliputra and Chuir which now lie buiicd under the soil illustrates the 
effect of rivers, and very much the same fate is overtaking Calcutta under our 
very nose. In order to prevent these, it is necessary that the physics of the riveis 
should be properly studied in suitably designed laboratories. Re.scarch in this 
direction should be clavssilied uudei several heads: — (i) Fimdameiital Research 
which will deal more or less with theoretical problems like the hydrodynamic 
laws legarding the flow of rivers, deposit of silt, problems of erosion and so 
forth. (2) Then will come the field survey — which will deal with the actual dis- 
charge of the different rivers in India, their liability to changes and the best 
ways ill wliich these changes can be controlled and the rivers may be trained so 
that most efficient measures for sanitation, navigation and for the purposes of 
irrigation may be devised. Unfortunately, though in the past engineering enter- 
prises on a stupendous scale have been undertaken in India, interfering with the 
discharge and course of rivers, c.g., by the throwing of bridgCvS over the rivers, 
cutting of canals, these works have been done more or less haphazardly on insuffi- 
cient knowledge and their bad effects have been felt only years after thejr 
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construction. It is high time that this department sliould be reorganised on a 
proper basis. If a number of river physics laboratories were opened as advocated 
here, they would give emi)loyment to a large nnlnber of physicists. 

V IT Y S T C S IN r H U S K K V I C JC OP 1 N 1) P S T R V . 

It is not realivSed what a large field exists for the ai)i)licati()u c>f physics to the 
problems of resuscitation of industrial life in the country. India is still an agri- 
cultural country and nearly 85 per cent, of her population live by agriculture. 
Tin's dispropoitionate relation between agriculture and industry is not a 
healthy sign. The industries must be revived and put on a proiier basis 
otheiwise the standard of life in this country cannot lie improved. The 
backwardness of India in industrial matters can be gauged from the following 
fact, For iinprovement of industries, the siipjdy of power is an essential condi- 
tion. In the most advanced industrial countries of the world, the supply of 
power is measured in the number of units of electricity consumed per head of 
the population in the year. In countries like Canada and Morway the con- 
sumption of electricity per capita amounts to about 2,000 units. In countries like 
Germany and England, a large amount of power is provided by steam, but 
even tlien the electrical power amounts to about 600 to 700 units per head. In 
India, the corresponding figure is only 6 per head. This shows how backward 
India is in matters of pow er supply. 

It in ig lit be argued that this backwardness is the result of nou-existcnce of 
power resources in this country. Hiis is not a fact. Sir M. Vishcsliwaraya, ex- 
Dewan of Mysore, has estimated that the total power resources from hydro-electric 
sources alone amount to about 12 million kilowatts and of this barely 3 iier cent, 
lias been develojied. If about 80 per cent, of the total power resources were deve- 
loiied the consumption of electricity per head in India would come to about 240 
units. This would give India the same standard of living as in Japan and would 
p;ovide her witli a proportionate amount of power for the dcveloiimcnt of her 
Industries. But there is neitlier the will nor a settled programme on the part of 
llie Govcrninent of this country to undertake this electrification scheme. 

Some people argue that industrial work like electrification should be left to 
private enterprises. Nothing can be farther from actual facts. In all Ivuro- 
pean countries, in America and in Japan, the organisation of povNX*r resources of 
the country has been nationalised. It is never left to any private concern. Linfor- 
tunatcly in India, the electrical supply companies are all private bodies and as 1 
have shown elsewhere they are all concerns for private profit. The icsult is that 
the ijrice of power in this country is about 5 to 6 times higher tlian in other 
countries. On account of this high rate for power, industries cannot be developed 
to the same extent as in Europe and America. I iiless this problem is .seriously 
tackled, wx shall always be at a disadvantage. Sooner or later the (^fovernment 



/2 


Af. N. Saha 


will have to take up the problem of supplying the couutry with cheap electri- 
cal power. In a scheme like tliis the services of the physicists would be required 
not only for designing the power plant but also for running powder stations, and 
for solving such problems as that of surge, leakage, proper insulation and distri- 
bution. 


1> K P A R 'J' M K N T 0 1^ INDUSTRIAL AND S C T K N I' 1 P I C 

R K S B A R C IT . 

Mr. V. Gordon Childe in his book Man makes himself has given a very 
thoughtful review^ of the modem currents in human civilisation. According to 
him the present-day scientific inventions are ushering a new phase of human 
civilisation which he calls the Third Great Revolution. The first revolution uas 
brought about by the invention of agriculture which enabled men to live Jn settled 
cities and develop a sedentary civilisation. The second revolution was lljroughl 
about by the invention of handicrafts which gave rise to difterent classes W arti- 
sans, cottage industries and the development of metallic industries. ThW third 
great revolution began with tlie Industrial Revolution of the last century\ This 
has given rise to the factory system, employment of men in highly organised 
groups and control of the whole natural resources of the country by the totalita- 
rian stale. It began W'ilh the ajiidicatioii of the results of scientific discoveries 
to problems of supply of human demands and needs by private parlies, but 
gradually as a result of competition between diflerenl countries and clue to new 
discoveries in science, it has been found that private individuals or parties are un- 
able to cope with all the economic, social, and scientific problems which this 
great process of industrialisation or technocracy has given rise to. In every 
country the Government has to take upon itself the need for co-ordinating the 
industrial activities of the different members of the society. A new system is 
gradually emerging in every country the full effect of which we sec in 
Russia. Before the War, Russia was a purely agricultural country like India ; 
90 per cent, of her i)Opiilation lived in villages and depended entirely 
upon agriculture. As far as industries were concerned, they were mostly 
in the hands of foreign capitalists. The Russian people had practically very 
little knowledge of technics of modern industries and arts. As a result of the 
revolution of 1918, a new programme of industrialisation was undertaken. The 
development of power and the industrial system, and of the mines have all been 
taken over by the Government in the so-called Five Year Plan. The result of this 
planned action is seen in the tremendous strides which Russia has made in 
Technology and Industry within the last ten years. Before the War, the total 
production of electwcity in Russia was only 5 or 6 billion units. Within the 
last 5 years it Jias become nearly 25 billion units and it is higher than that of 
any other country in Kuropc except Germany. It has already outstripped the 
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production of electricity in Huglaud and I think in a few years to come, it 
will reach the figures of America. All this is the result of Lenin’s pet idea that 
Russia should be electrified. 

Kven in England where people believe more in private enterpiise, the 
inevitable logic of circumstances has shown that no industry can survive in the 
face of competition unless there is a scheme of co-operation between the scientists, 
the government and the industrialists. The result is the establishment of the 
Department of Scientific and Industrial Research. This is a scheme of organised 
research in which industrialists are invited to co-operate with the departments 
of Government and professors in the llniversities, in the engineering colleges and 
other places. A detailed scheme of research is jdanned and is distributed amongst 
the workers on the subject who are handsomely provided with funds for rcseaich. 
As a result of the researches carried out in this department, the British industry 
has made a great recovery and effected substantial progress within the last few 
years and is rai)idly gaining the lost ground. It is to be noticed that this depart- 
ment, though brought into existence by the Government has a constitution 
which provides for an ample representation of non-officials as well as of 
the representatives of industrialists. The Government controls its activities 
but does not hamper it. The Board is presided over by the famous jihysicist. 
Lord Rutherford, and a review of its activities may be read in Science ami 
Cullurc, 

111 this country also the Governuiciit has established a department of 
industrial and scientific research. But the organisation of this department leaves 
much to be dc,sired. It is an entirely Government concern, presided over mostly 
by civil servants and co-operation by University workers and private bodies is not 
encouraged. Now civil servants may be excellent agents for maintaining law and 
order, or running the wheel of justice, but it is our experience that they have 
not the mental equipment to plan out and organise research work on any branch 
of human activity. The organisation of this department is a sad contrast to that 
of the Agricultural Research Council in which the Government departments, the 
various agricultural interests in the country, the professors in non-ufiicial 
universities are properly represented. In the 1 . A. C. a scheme of co-operative 
research has been planned, and grants are liberally given to such professors as can 
submit a suitable scheme and have shown aptitude for carrying on a particular 
line of research. It is beyond our powers of comprehension why such a sensible 
scheme of co-operation has not been devised for the department of industrial 
and scientific research, and why it has been left entirely to the care of civil 
servants who are too much engrossed m routine work. If this department be 
properly organised, it will certainly be able to employ a large number of 
physicists. 
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NKKI) I' OK KNDOWMKNTS FOR R R vS F A K C H IN PHYSICS. 

Ill the begiuniiig, I have already told tny audience that the lot of the 
niexitorioiis physics students who are being trained as research workers is very 
gloomy at the present time. On account of the unsympathetic attitude of the 
(joverninent towards scientific research, there are practically no avenues of 
employment in which tlie special knowledge of the trained scientist can be 
utilised. 1 would, therefore, plead that the rich men in this country should come 
forweird with endowments in the different universities for feliowships, so that these 
promising students can devote a number of years in solving particular problems, 
ll is no exaggeration to say that the few active centres of research in India are 
mostly due to private endowments. The Lhiiversity College of Science, which 
started scientific work on a new^ basis after the war, in Calcutta was established 
by the princely donations of vSir T. N. Palit, Sir Rashbehari Chose, the 
Raja of Khaira and the Indian Association for the Cultivation of Science vvnich 
develoiied into an active centre of research under Professor Sir C. V. Raman was 
established in 1876 by a ])rivate medical practitioner of Calcutta, MaheiulraWl 
Sircar. The Indian Institute of Sciences which now contains a deparlmeiil 
of research in physics owes its existence to the pnneely donation of the late 
Mr. J. N. Tata. The Physical lyuboratory in the Andhra Cniversity is due to the 
munificence of the Maharaja of Jeypore in the Madras Presidency. The Physical 
laboratories in the Muslim and the Hindu Universities are largely the results of 
private benefactions. The Covernment has, of course, after the educational 
reforms of 1922-23 taken steps in re-organising Government Colleges like those 
at Allahabad, Dacca and Tahure on a modern basis. But this spell of ; 
progressivencss lasted, at best, for a year or two and after that the (government 
officials and politicians, in order to hide their inca])acity for dealing with the 
problems of unemployment, have been sedulously preaching the doctiiiie that 
higher education and research are harmful to the nation. At the ])resent 
time, there is no central fund from which a promising scholar in physics can be 
helped with a research grant or with a fcllowsliij). It is well-known that without 
such scholarships and fellowships and research grants 110 advancement can be 
made. Wc are all admiring now-a-days the great advances which have been 
made in the physical and other sciences in the United Slates of America. But 
people in this country do not realise how much these advances are due to the great 
endowments like those of Rockefeller and Carnegie, As a matter of fact, but for 
these great endowments for research, and if left to Ciovernmeiit alone, the United 
States of America would not have attained a much higher level than those of the 
Latin American countries. The Indian physicists have shown a great promise 
and it is the duty of the people to support them so that they can not only make 
a substantial contribution to the stock of human knowledge, but can also devote 
their knowledge to the solution of industrial and economic problems iieculiar to 
India. 
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I N 1) IT S T R T :V L R V S K ARCH C A N () N 1, Y B K M A 1) n S U V V L K* 

M b: n 'j' a r y t ( ) r IT n d a m n k r a i. u n s k a r c n . 

A class of critics has arisen in this country who hold that the professors in 
the universities should devote their time in carrying out investigations on only 
industrial problems and should not waste their time on fundamental researches 

This argument is entirely fallacious. No industrial research can be carrk-d 
out unless the worker has a sound grasp of the fundamentals of science. It is 
the duty of every university teacher first and foremost to train his students in 
the fundamentals of the basic sciences and to acquaint him with the latest deve- 
lopments in his subject. He will, therefore, be failing in his duty if he neglects 
pure science. Any industrial research work which can be undertaken by him can 
only be supplementary to his main activities. An analysis of the present 
conditions in the country shows that there is at present a great surplus of trained 
physicists who can devote their time to industrial research provided small grants 
can be fcniiid for them in the form of fellowships and research grants. This 
policy was advocated b> tlie Unemployment Committee ju'esided over by the 
Rl. Ilon’ble Sir Tej Bahadur Sain ii. But the recommendations of the Committee 
did not find favour with the (loveniment. It is the duty of the public to come 
forward with offers of lielp to the Universities. 


DUTY c) I< TUP INDIAN PHYSIC A b 8 O C I ICT Y . 

The Indian Physical >Society is only a child of three years. It has still to 
devel<B> and to prove its wmlli to the country. It is theiefore necessary that it 
should lake steps for an organisation of the i)hysicists on a proper basis and try to 
iiiil)rcss upon the public the iiniiortance of physical research for the future of 
national reconstruction. It should try to get endowments and establish research 
funds for the encouragement of the younger physicists and for providing them 
with a berth in life. I hope that in the years to come all this will happen and 
the Indian Pliysical vSociety vVill be as useful an institution as the much older 
societies in ( Teniiaiiy, Ivnglaiid and America. 
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ON THE RELATION BETWEEN THE EMISSION SPECTRA 
OF ND* •* IONS IN PHOSPHORES AND THE 
ABSORPTION SPECTRA OF THE 
SAME IN CRYSTALS* 

By P. C. MUKHERJI. 

(Uernn d jo) puUnation ^ Anyuiii '1937',) 

ABSTRACT, The relation belwan the enii.^.sioii spectra cf Ntl"* ions incorporated into 
colourless ground materials like K^^vSO^, CaO, etc., and the absorption spectra of the same 
ion in crystals is discussed. Both kinds of spectra are shown to consist of distinct groups of 
more or ICvSS sharp lines. A classification of the absorption spectra of ions in crystals, as 

carried out by the* writer previously, is given in which electron i(‘ transitions arc assigned for 
the separate groups of lines, one for each group. Tn nccordam e with this, elcitronic transitions 
are proposed for interpreting the groups of emission lines. The pt)ssil)le transitions are discussed 
in the light of Van Meek’s theory of the absorption spectra of tin* rare earth ions in solids. The 
phosphorescent radiations emitted are legarded wholly (|na<hnpole in nature and the corres 
ponding selection rules are utilised in the assignment of transitions. The proposed transitions 
explain qualitatively the position of the groups, the intervals bet\\e(*n them and their relative 
intensities. Some of the rare earth ions .show line fluorescence in pure eondition whether in 
solution or in crystals ; the ahsence of .such fluorescence in the case of Nd* ' ^ ions is discussed. 

The line eniissioii spectra of the rare earth ions in solids and in solid solutions, 
viz., the phosphores, have been widely investigated by Toinaschck and his col- 
laborators J In pure solids the visible fluorevScence spectra were found to consist 
of fairly sharp lines at low temperatures, and like the absorption spectra of the 
same ions in hydrated crystals they divided into distinct groups. It was noticed 
by these authors that, in general, there is a relation between the emission and 
absorption spectra of the same ion and they are supposed to arise from a similar 
type of electronic transitions. Gobrccht- recently extended these investigations 
to the infra-red side and interpreted the origin of the groups of lines as due to 
transitions from an excited state of the ^ /-electrons to the different levels of the 
ground term multiplct. But this kind of fluorescence has not been found to 
occur in all the ions of the rare earth group; only in four out of the fourteen, viz., 
in Sm, Eu, Tb and I)y, which are symmetrically placed with respect to (^d, this 
was observed. 

The other kind of emission spectra, viz-, that given out by the rare earth ions 
present in phosphores, arc known in cases of almost all the ions of the group v^ith 

* Read before ibe Indian I'liysical Society on 27th Septenibei, 1937 
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the exception of Ce/ ' ‘ I'lie phosphores are prepared by incorporating a minute 
quuntily of the pure salt in colourless ground materials (generally consisting of 
the oxides and sulphides of the alkaline earth metals) and when excited by strong 
ultra-violet light or by a beam of cathode rays they give out characteristic spectra. 
These phosphorescent spectra are very rich in lines, which are extremely sharp 
even at the ordinary temperature. For those ions which emit both the fluores- 
cent and phosphorescent spectra the centres of the groups of lines emitted were 
found to coincide nearly^ although each group in the latter was somewhat more 
spread out. Tliis has been regarded as indicating that same electronic transitions 
were responsible for the two types of emission spectra, while the difference in 
their finer structure was to be attributed to the influence of the environments in 
which the ions were placed in the respective cases. Oobrcclit has recently ana- 
lysed the phosphorescent line spectra of Pr’’ on this hypothesis. In this paper 
it is proposed to interpret the spectra emitted by Nd-phosphores on similar lines. 


T HE A B S O R P T ION SPECTRA O F N + ^ TONS IN C R Y S T A li S. 

The absorption spectra of ions in crystals were partially classified by 

the writer in a previous coiiiiriuuication.’* Each group of absorption lines was 
supposed to be duo to a single electronic transition from the ground level to an 
upper excited level in the 4/-shell; the finer structure inside the groups was assiim* 
ed to be due to the Stark-splitting of the energy levels as well as to the super- 
])Osition of lattice oscillations. In Nd*" ' ' ions containing three 4 /-eleclrons ll^ie 
terms allowed by Russell-vSaunders coupling arc given by "*(5, G, /) aiicl 

^(P, Df F. G, H, I , K, L). The relative positions of the levels of same multi- 
plicity may be denoted according to Hund’s rules by 


*5 > > ^F >^G> '7 for the quartets 

and similarly for the higher doublet levels. Again, the multiplels being all 
normal here, the ground level, which is the lowest level of the state, is to be 
denoted by *7^). In the process of absorption, an electron was assumed to jump 

from this basic level to the components of upper quartet and doublet states, accord- 
ing to the rules of selection laid down for quadrupole and other higher order 
radiations. In tabic I the frequencies of the C.G.s' of the groups of absorption 
lines and the corresponding transitions arc given. If the ground term 

represent the zero in tjie energy scale, the frequencies given in table I 
correspond to the absolute energy values of the upper levels, and it is possible to 
construct wdth them the energy level diagram for the ions in question. 
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Tabi.k I. 


C. G. of the groups. 


Int. 


Tran. si lions a ssi giic (1 . 


Changes in 
L and /. 


1 

I ; 


1 


(») II. 55 J 

we ok 


-2; -2 

1 

iU) 12,509 „ I 

strong 

>*^>7 / 

1 5 

™2; -T 

UHl 13.534 .. 1 

tf 


M ;o 

(/v) I4,7QI „ 1 

1 

fair 

/ a 

; + i 

TI I 




(f) 15,980 ,, 1 

weak 



(«) 17,120 

1 

strong 


M ; -1 

(Hi) 18,900 „ 1 

)) 

' •} 

IP I 0 

{iv) 19.fi22 ,, j 

fair 


-4; --2 

( 7 )) 31,103 „ i 

1 

strong 

^ "7, 

-4; “1 

III 



-1; 0 

(i) 24.757 

weak- 

! V ( « 

-2; -I 

(ii) 28,486 ,, 

fair 

-1; +i 


(Hi) 30,,)T2 

M 


(iv) 33.049 .. 

weak 


—2; 0 

Ill 




v) 34,201 Ciir ' 

weak 


“-3; -2 

vi) 38,283 

i 


i» ; —I 

vii) 39 . 7 St) 

very weak 

1 1 

- 4 ; ^3 

viii) 42,375 

very weak 

1 7 . 



In a few transitions in table I there are departures from the selection rules 
of quadrupole radiation, 'riiese are possible according to Van Vleck only in 
strong asymmetric crystalline fields and will be discussed later. 


T H n E Af r S S T O N s n C T R A 0 !• N rh ^ ^ [ O N S T N P H O S P H 0 R E S. 

The emission lines of Nd-i)hosi)hore recorded by 'romaschek under different 
modes of excilalion are given ill tables 11(a) and II(ld. In table 11(a) the lines 
from K 2 vS() 4 Nd under optical excitation arc entered and they form only one 
gioup of lines in the near infra-red. Table 11(6) contains the lines obtained from 


298 


P. C, Mukherji 


CaO-Nd phosphore excited by means of cathode rays. It is found that the lines 
are much more numerous when the phosphore is bombarded by a beam of cathode 
rays, the lines in table 11(6) give rise to several groups in addition to the 
group in the near infra-red contained in 11(a). On comparing the wavenumbers 
of the infra-red lines present in both the tables it will be noticed that they do not, 
in general, agree. This is of course expected when the ground materials in the 
two cases are different. In addition to the lines emitted by the phosphores, the 
emission lines of Nd-glass are also given in the table 11(a). 


Tabi.k 11(a). 

lufra^red lines from K 2 S 04 Nd (at — iHo°). 


V’ 

hit 

1 

C.G. of the group. 

Xl,J 20 

cm“^ 

4 



301 

>1 

3 


1 

a86 

ft 

3 


1 

387 


3 


11,330 cm"t 



3 



444 

It 

1 2 



482 

It 

6 



5*3 

It 

4 



564 

It 

2 



*11.39®— 





11,266 

II 

strong 

band 


11.332 1 

1 



JFJniis.sion from Nd-rfass (at — i8o*) 
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Tabi,e II (6). 

Emission from CaO. Nd. (at + 20°). 



Int. 1 

C.G. 


Int. 

C.G. 

10,609 Cm”^ 

3 


21,316 

W i 



657 

f , 

3 


453 1 

ni 



711 

,, 

4 


686 

''' 1 


21,730 cm * 

760 

,, 

4 


852 

St 



880 

,, 

2 


22.142 

w 



96s 

f , 

0 

1 1 ,000 

721 

w 



11,082 

, > 

6 






196 

•• 

m 


23.276 

v.st 



296 

* 

TO 


413 

— 



382 


3 


634 .. 

v.st. 










23.586 „ 





690 „ 

St. 



11.69s 




860 ,, 

.St 



736 

,, 

3 






786 

1, 

2 

nt 

25.118 

vSt, 


25,310 

874 

,, 

- 

i 

. 5 f >3 

St. 



909 


] 






Z2044 

,, 

4 


36,446 

m 



163 

1, 

5 

12,140 

619 

ni 



211 


1 


985 3 . 

m 



288 

ff 

3 


37.136 

St 



334 

,» 

2 


261 

rn 








1 

1 

37.028 „ 

477 

It 

2 


QC 

14 ^ 

ni 

1 

! 


5S4 


2 


611 ,, 

m 

! 


13,206 

„ 

2 




1 


346 

I, 

- 




, 


In table III a classification of these emission lines is proposed 
of transitions between term levels of the * ions which were 

an analysis of its absorption spectra. The table contains 1 

as arising out 
; obtained from 
he C. G.’s of 
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the different line groups, their average intensities, the proposed electronic 
transitions and the corresponding frequencies as calculated from the absorption 
data. 


Table III. 


C. G. of the groups. I Int. 


I Transitions possible. I Changes in 
I ‘L' and 7’. 


I. 

( a ) 11,332 Cm-’ 

(h) 11,320 ,, 

11,000 , 

II. 

12,140 ,, 
13,276 „ 

III. 

21 , 73 <^ » 
23.586 „ 

25 310 .. 

IV. 

(c) 27,129 „ 


V strong 


weak 
V. weak 

medium 

strong 

medium 

weak 




■5 


’H, 


’ iJ ' 


¥ ‘i 


Calculated from 
absorption. 


+ 2 ; +2 


- 1 ; “2 

+ 1 ; +2 
+ 1; + 1 
+ 1 ; o 

+ 2 ; 1 


11,553 Ci<i 



24.745 


28,475 „ 


(o) Emission spectra of Nd-glass excited by light. 

(b) Do of K.jSO, -Nd ,, do. 

(c) Additional group emitted by A1 ,0, — Nd under catliodi- ray excitation 


]» T .S C U R 0 N. 


It is found that the majority of the groups of emission lines conform to the 
scheme of classailicatiou shown above, which is very similar to that adopted for 
the absorption spectra ; also they arc capable of being represented by transitions 
ui the energy level diagram constructed for Nd* ’ ions from the absorption 
data as shown .in ligure i. In both of these cases, viz., emission and absorption, 
the changes which ‘ L ’ and ‘ ] ' undergo in each transition are given in the 
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corresponding table. It is found that according to the selection rules given by 
Laporte most of the specified transitions are forbidden. They can thus hardly 
be expected to give rise to lines of appreciabie intensity, observed in absorption as 
well as in emission . 

Recently Van Vleck Mias discussed this Questioii with special reference to 
the absorption spectra of the rate earth ions in solids. He regarded the transitions 
as all more or less forbidden in ordinary diiiole radiation and calculated 
the probability of transition in ail the other forms of radiation, which 
the ions can possibly emit under the influence of the crystalline held. 
These are tabulated below together with the allowed changes of * L * and ' / * 
each case. 


Table IV. 


Forms of radifttion 


.Selection rules. 


Qiiadrupole 

Magnetic Dipole 


+1, +2 (o + — >o) 
A7 = o, ±1, ±2 (o4 — >o, i) 
Af.'^o, +1 (o + — ^o) 

A / " o, +1 (o + — ^o) 


/] sec 


Klcctric Dipf)lc (enused by A/ or A/ niny 1)0 ocinal to | fa) i sc (no centre of 

di^-tottion of the olertremic even or 5 | syrnniciry) 


motion due to crystalline 
fields). 


fb) i’l) II (dissymmetry caused 
by vibration). 


As shown in the table the probability of transition is very low in each case 
being of the order of about one-millionth of that in the ordinary dipole radia- 
tion. This is ill agreement with the expciimeiilal results of Becqiieiel, "' who found 
that the intensity ol absorption of tliese ions (specially Pr'^Muid Nd'‘^) is 
extremely low and obtained values of nl/l lu to loo scc"*^ . 'fhey are of the same 
order of magnitude as in the four cases cited above, as according to Van Vleck 
the calculation may lie easily out by the order of 10 to 100. The apparent inten- 
sity of the absorption lines is due to the high c'oncenlration of the ions in the solid 
crystals. 

In the case of emission spectra it is sufficient to assume that their origins 
are due to quadrupole radiation involving changes of ' L ’ and * J ' not gieater 
than 2 units. In the case of the absorption spectra on the other hand, the origin 
of certain faint lines have been found to involve larger changes of these two 
(]uantiim numbers and are according to the views of Van Vleck to be ascribed to 
electric dipole radiations aiising out of forbidden transitions in an iinsynimetrical 
crystalline electric field. Van Vleck has discussed two different ways in wffiich 
such a field can arise. In emission the electronic transition usually occurs 
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between the excited states and the different levels of the ground tenii. But it 

will be noticed that the transitions do not take place from all the different levfels 

of the upper multiplets but ouly from their lowest levels. The electron, when 

in any one of the upper level, is first brought down to the lowest level of the 

multiplet in question by thermal collisions, and from there it jumps back to the 

ground state. Many of the transitions possible in absorption do not therefore 

appear in emission ; thus it is possible to find out the multiplet separations 

of many of the upper states from the absorption data, but the emission 

data help only in obtaining the same for the ground state. In table III 

the possible transitions obeying the rules of quadrupole radiation are given. 

In the following it will be seen how far they can explain the intensity 

of the different groups as also the intervals between them. For convenience 

we shall divide the transitions assigned into three classes, viz., 

(a) Transitions among the quartet levels : In the table only o^e such 

transition is specified, viz., 'Gn — *I<, ■ It is easy to see that other 

a a 

of this type are all excluded, since transitions from *G^ to other 

*I will involve a change in ‘ 7 ’ by more than two units while in 
from other quartet levels both ‘ L ’ and ' / ’ will have to change by more\ than 
two units. The intensity of this group is the highest as shown in the table. 
This is to be anticipated, because in this transition there is not only no chauge 
of multiplicity but also the changes in L and / are in the same sense. 

(fj) Transitions from the doublet levels to the ground state. The allowed 
transitions of this kind are 

Id 'I'ic, *In JM IS 

Tl 2 • 

(a) -> */., , , 

In the table the three groups corresi)onding to (i) are given. It is expected that 
the intervals betw'cen these groups should give the splitting of the ground term 
multiplet. The separations between these levels calculated according to the 
vvelbknovvii formula are given by 


A r 

' (*!., -J- 

^ i ) _ 1814 cm 

A 1 


^ 2144 ,, 


f it be assumed that the screening constant 34. The corresponding intervals 
from the table III will be found to be 1724 cm-' and 1856 cm-' respectively, 
showing thereby a fair agreement. The relative intensities of the groups are 
also in accordance with the theory for the middle group where both ‘ L ’ and 
‘ 7 ' increases by ‘ i ’ is stronger than the other two where ' J ’ either remains 
same or increases by 2 units. Of the remaining transitions in (ft) only one is 
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present in the table, which gives rise to a group of weak lines observed only in 
Al.Oa'Nd. 

(c) Transitions where the final level is an excited level : The table contains 
two such transitions, ® Hr, — > ^ The frequency interval between 

the corresponding groups of lines agrees fairly well with the separation between 

the *Gf, and " G? levels, as obtained from the absorption data. The probability 
2 2 

of such transitions is, however, very low from what has been said above, and 
this is shown by the extremely low intensity of these groups of lines, although 
the changes in * L ' and ' J ' are quite favourable. 

In the above portion we have seen that there is a good deal of similarity 
between the absorption and the emission spectra of ions, even when in 

different states of aggregation. But there are also a few points of distinction 
between the two and it seems desirable to discuss them liere. It is found that 
although the general nature of the absorption spectra remains practically ^ame 
whether the Nd ^ ^ ions are in solutions or in crystals, or whether they 1 are 
embedded in glass or other colourless ground meterials, it makes a lot of difference 
in emission. Tims whereas the Nd ' ^ ' ions in glass or in tlie phophores gWe 
rise to the gionps of emission lines in the visible, the pure ions whether in solution 
or in crystals have not been found to emit any. This naturally leads one \o 
postulate tile influence of the foreign atoms present in bringing about the 
correspond mg transitions in emission. But such an assumption will not in 
general be valid for all the rare earth ions, as it has already been referred to above 
that some of these show line fluorescence in pure condition whether in solution 
or in crystals. On the other hand, many of the transitions shown in the energy 
level diagram in figure i arc reversible appearing both in the process erf absorption 
and emisssioii, which indicates that the corresponding radiations should behave 
more or less like the resonance radiation of free atoms. It seems thus extremely 
difficult to explain why there will be no line fluorescence in ions like Nd * ^ 
when in pure condition either in solution or in crystals. 

In conclusion, the writer desires to express his grateful thanks to Prof, D. M. 
Bose for his kind interest and helpful discussions in course of the work. 

Palit Physical Laboratory, 

(Jnivursitv CoUvF,(;k or sScience, Calcutta. 
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VERIFICATION OF STOKES’ THEORY OF A SPHERE 
OSCILLATING IN A LIQUID. 

(By means of an oscillating float ) 

By D. S. SLBRAHMANYAM. M.A.^ 

[Received for pubJication^July 19^7.) 

ABSTRACT. A litmt is i-onslTucted of a hollow sphere and a fine iinifuriu stem ajnl made 
to oscillate in water up and down, the sphere being under water and the stem passing through 
the surface. Iboiii the period ;ind logarithmic decrement of the float, the virtual mass of the 
sphere is calculated which is found to be in good agreement with the value obtained by 
Stokes theory. vSecondly, assuming Stokes theory to be true, the eoeflicient of viscositv of 
water is calculated which again is found to agree with tlie (‘apillary flow value, when (wreetion 
is made for the dainiiing tine (o iJie stem. Thus Stokes' Ihetirv of a spliere oseillnting in a 
liquid is fully verified. 


T. INTRODUCTION 

It is a well-known fact that when a floating body is dis]ilaced upwards or 
downwards from its equilibrium position and released, it performs oscillations 
which are rather quickly damped. When suitably devised, these oscillations 
can be made to be very helpful in studying some very interesting problems 
connected with the motion of solids in fluids. When a solid body moves in a 
fluid it appears to possess a mass (called virtual mass) greater than its own and 
it also experiences a resistance due to the relative motion set up between 
different parts of the surrounding fluid Stokes ’ gave a theory of a solid sphere 
performing small linear oscillations in a viscous fluid and tried to substantiate 
it from the experimental results of Bassel and Haily " on pendulums. He found 
his theory to be very .satisfactory in the case of pendulum balls swinging in air, 
but in the case of pendulums swdugiug in water the results were not conclusive. 
Stokes’ theory had attracted the atteution of some scientists recently who tried 
to test its validity. Mc.Eweu * measured the force acting on a sphere in 
water and in a very viscous oil by a forced vibration method, the forcing being 
done by a mechanical arrangement. He obtained for the coefficient of viscosity 
of water, »j, the value 0.0091 at 16. 5" C- which is too low as compared to the 
value o.oiii, obtained by the capillary flow method. Barnes ^ estimated the 


^ Cottitnunicatcd by Dr» 1. Rauiakrishiia Rao. 
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increase in the inertia of a sphere by making a ballistic pendulum receive a 
pendulum ball moving under water. The increase in the inertia of a body is 
usually expressed as K times the mass of the fluid displaced by it. Krishnayar •''' 
determined the value of K of oscillating spheres by attaching the sphere to a 
line wire which is made to vibrate by an electrical method He employed balls 
of diameters x7 cm., 1.36 cm., and 17 cm and obtained for K the values o‘584, 
0.585 and 0,580 respectively. The corresponding values calculated according 
to Stokes’ theory are 0.53, 0.536 and 0.530 respectively. 

Stokes' theory had also been put to experimental test by F.E.Hoare *' 
who found that the logarithmic decrement of a pendulum ball oscillating in 
water gradually diminishes with time, thereby showing that one of the assump- 
tions made by Stokes (that frictional resistance is proportional to velocity) is 
not valid. Brindley and Kmcrson, however, find that the above assumption 
is valid when the amplitude is sufficiently small, (le-ss than 0.5 cm.). Calculating 
on the basis of Stokes’ theory they find that = 0.0131 at 15.5° C , whereas 
the generally accepted value at that temperature is 0.0113. 'I'hey concluck that 
the higher value is due to the suspending wire and working with two and three 
wires arrive at a correction which is to be applied to the logarithmic decrlement 
observed with one wire. Making this correction they get values (o.m 16, oW 14, 
etc.) which are in fair agreement with the capillary flow value mentioned abo^e. 

It is thus seen that the experiments made so far aim at determining either 
the virtual mass or the damping but not both at the .same time Moreover, 
there has been no satisfactory verification of Stokes’ theory in regard to virtual 
mass. The oscillating float can be made to give results both in regard to virtual 
mass and damping, and may therefore be employed to test ^Stokes’ theory 

fully. 

;• 'I' U Lv O K V 1 1 I ' T H Iv X) v8 O T L h A '1' I N ('. K b O .\ T- 

l,et a floating body be made up of a holU)W vessel B to which is attached 
a fine stem A of uniform ci oss-section and let it be suitably loaded so as to 
float upright with the hollo^v ve.ssel B and a part of the .stem A under water. 
If the float he now given a small vertical displacement and released, it begins 
to oscillate up and down, the amplitude of oscillation gradually decrca.sing. 

The period of oscillation of the float may be easily calculated. Let a be the 

area of cross- section of the stem, p the density of the liquid, g the acceleration due 
to gravity, F the volume of the vessel, B. and h the height of the stem from its 
lower end to the surface of the liquid in the equilibrium, position of the float. 
When the float is displaced vertically upwards through a small height x fiom its 
equilibrium position (without causiug any rotation), the upward force acting on 
the float is equal to the height of the displaced liquid, i.e., to {V + a{h x)} p.g> 
'fhe downward force on the float is equal to its weight which in turn is equal to 
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(K + a/i) p.g , the weight of the displaced liquid whcu it is in equilibrium. Hence, 
there is a resultant force acting ou the float, which is equal to a pgx and which is 
Opposite in direction to its displacement. 

Let us assume that the surface of the liquid exerts no restoring force on the 
float as the stein moves up and down through it. As the oscillations are damped 
let us assume further that a resistance is offered to the motion of the float due to 
the viscosity of the liquid which is proportional to the velocity of the float. Let 

this be represented by K'M' , where M' is the mass of the displaced liquid; and 

Iv' is a constant. The virtual mass of the float llien becomes (M +KiM') where 
M is the mass of the float and K ; M' the apparent increase in the inertia of the 
float due to the circulation set up in the liquid as the fl,oat moves in it. The equa- 
tion of motion may then be written down as : 

/ ; I ‘ , , 

(M + K, M') — K'M' ~ 

di- ; ■ dl 

■ { 

If III be written for the virtual mass (M + X,M') the above equation may 
otherwise he stated as : 


or 


m 


d^x 

'df^ 


-4 K'M' 



apgx = o 


• » • 


(i) 


As is well known, when (K'M')'* — 4 tiiapg is a negative quantity, the solution 
of this equation is 


where 


. K'M' 

- , 
im 


X = cos (of-l-ii) 



and A and a are arbitrary constants. 

The float will therefore experience damped vS.H.M. the period of 
T, being given by the relation 



oscillation, 
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The logarithmic decrement A is eQual to p ■— or substituting the value 
of p. 

A = T ^ K'M'T 

2m 2 4m ■■■ 

Equations (2) and (3) enable us to determine the virtual mass m and the 
frictional resistance factor k. Equation (2) may be written down 
also as 


= Ml. 
T» m 


K'M' 

2m 


But from (3) we have 



4E? _ Ml _ 

T® m T® 


or 


^ = 
m 


All 

T® 



From this we get the result 


m 


WT® 



4 ) 


If r be the radius of cross-section of the stem, a ~ and then equation 
4) becomes 



When the virtual mass, m, is obtained from this equation, ^tlie factor 
Ki can be calculated from it because we liave 


m = (M+KiM') 
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It should be noted however that M is the . mass of the float, M' the mass of the 
displaced liquid (including that displaced by the stem) and K i the factor for the 
sphere and the stem together. Strictly speaking this will differ from the factor, 
K, for a sphere. But, since the mass of water displaced by the stem is very 
small and since the stem moves in the direction of its axis, the increase in the 
inertia of the system due to the stem may be neglected and the increase con- 
sidered to be due to the sphere only. If K expresses the factor for the sphere 
and M the mass of the liquid displaced by the sphere alone, according to what 
has been stated, the increase in inertia will be equal to KM" 

and w=M + KM" ... (6) 

If wg is the mass of the liquid displaced by the portion of the stem under the 
liquid when the float is in the equilibrium position, the total mass of liquid 
displaced in this position M' is equal to M" + nig. But from the law of floating 
bodies, M' = M. Hence M = M* + mg and substituting this value in (6) above 
we get 

m = M" + m.g + KM" 
or M"(i+K) = m — mg 


or 


K 


m — mg 
M" 


1 


This equation enables us to determine K. 

The internal friction factor K' can be calculated from equation (3) 


( 7 ) 


K'=^ ... (8) 

M'T 

If A and T are observed for the float, and m is obtained from (5) we can deter- 
mine the value of K' from (8). 

We may test Stokes’ theory by giving to the hollow vessels, B, the shape of a 
sphere. According to Stokes the force, X, acting on a sphere oscillating in an 
infinite mass of liquid is 


■=—\vi ( JL 


- S-MVl 
4 


... (9) 


where M" is mass of the liquid displaced by the sphere, 

\ f 

fi=s n being the viscosity of the liquid, p the density, and T the 


period of oscillation, ®’=~ and R is the radius of the sphere. 

The first term on the right-hand side of equation (9) gives the correction for 
the inertia of the sphere and the second term the internal friction factor. Hence 
according to Stokes, 
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»nd ■ • K=9-.(^+^) ... ta) 

If Xlie Value of K obtained from (7I agrees with that calculated froiii (16) audthe 
Value of K' obtained from (8) agrees with that from (ii), Stokes’ theory is to be 
taken to be true This is the procedure adopted in regard to K, but a slight modi- 
fication is made with respect to K' In this case, the value of the coeflicient of 
viscosity, is calculated assuming Stokes’ theory to be true, j. r.- equating the 
right-hand sides of equations (8) and (i I ). If the value of »/ so obtained agrees 
with the value obtained by other methods, Stokes’ theory can lj»e taken to be 

I 

valid. 


E X P F, R I M K N T . 

The float (represented in figure i) prepared for the experiment \ consists of a 
hollow brass sphere, B, of radius about 5 cm. It has a small circular opening 
(about o'6 cm. in diameter) through which the required quantity of lead shot could 
be introduced so as to make It "float 'properly. A length of about 25 cm. 
of thick uniform bra.ss-wirc is taken and its lower end passed through the 
circular opening of the sphere and soldered such that its axis is directed 
towards the centre of the sphere. Care is taken to see that the petition closed 
with solder is even with the rest of the surface of the sphere. In the experiment 
four such stems of different diameters are used, firstly to obtain different 
periods of oscillation -and .secondly to investigate the effect of the stem on tlu.- 
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motion of the float. At the top of the stem is attached a small pan P in which 
small weights can be placed so as to make the float sink to any desired point on the 
stem. A light millimeter scale, M of length about 8 cm. is attached to the 
upper part of the stem, with the help of which the turning points of the float 
as it oscillates up and down are observed. A reading telescope is employed for 
this purpose and it is kept at a distance of about i i meters from the scale. The 
float is kept in a tank of water about 5' x 3' x i^' in a closed room from which 
draughts of air are excluded. It is assumed that the tank is big enough for the 
circulation of water to stop before reaching its walls. The float is initially 
slightly displaced upwards and tied to a fixed horizontal bar QR by means of an 
unspun silk fibre, S. After the float has become perfectly stationary the fibre is 
burnt when the float oscillates up and down at one and the same place without 
rotation. It is found that the oscillations are rather quickly damped (about 10 
oscillations being clearly observed) ; yet it has been quite possible to determine 
the logarithmic decrement and the period of oscillation satisfactorily in all cases. 

Resistance due to internal friction proportional to velocity : — The assump- 
tion that the resistance due to the internal friction of the liquid is proportional 
to the velocity, leads to equation (3) 

K'MT 
4 m 

Since all the quantities on the right-hand side are constant for the float 
with a particular stem, A should be independent of time as the float oscillates. 
It is found that this is the case with each one of the stems used and below are 
given the observations taken in an experiment, selected at random. The 
amplitude in all cases is less than 2 cm. (and therefore the extent of swing from 
the turning point to the other less than 4 cm-). In the first column are given 
the extents of successive swings and in the third column the extents of swings 
that are obtained after an interval of 6 vibrations from those in the first 
column. 
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In this respect this experiment gives results which are somewhat different 
from those obtained with jiendulum balls. With such amplitudes as are used in 
this experiment it was there found that A decreases with time. But it should be 
noted that in the case of the oscillating float the period obtained is very much 
greater than the period in the pendulum experiments referred to above and 
censequently the average velocity of the body much le.s.s. The periods in the 
experiment range from about 14 sec. to 38'o sec while the period in the pendulum 
experiments was only 5 sec. It is very difficult to obtain such long periods with 
a pendulum, as, for example, it will require a wire of length about 150 metres 
to obtain a period of 25 sec. In this respect the oscillating float experiment has 
a distinct advantage over the pendulum experiment for investigating the validity 
of Stokes' theory. 


VIRTUAL MASS. 

Determination of K: — Below are given in a tabular form the results of \the 
experiments made with the different stems. Mean values of T and A are given 
below. The individual values of T with any stem differed from one another by 
le.ss than 1% while there was as much variation as even 3% in some cases in the 
individual value of A. In the last column below are given the values of K obtained 
by applying Stokes’ theory the value of M being asssumed to be 0 008216* at aS'S'C. 
which is the temperature of water at the tinie of experiment. 

Equation (5) is made use of to determine the virtual mass of the float and 
equation (7) to determine the value of K. The density of water p* is assumed 
to be equal to i, and g, the acceleration due to gravity at Guntur, to be 979‘o 
cm. sec'®. The mean radius of the hollow sphere, B, is 5'io7 cm. M" the mass 
of the water displaced by the sphere is 558'o gm., A is given to the base c. 
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The values of K is obtained from the experiment are in good agreement with 
the corresponding values calclutated from vStokess’ theory. According to the 
theory K is not a constant for the same sphere but varies sUghtly with the period 
of oscillation. The re-sults of the experiment show this variation also very 
satisfactorily. The experiment thus show:s that the expression for virtual mass 
given by .Stokes’ theory is true. From the satisfactory waj’ in which the theory 
has been verified, we may conclude that the method of the oscillating float is a 
very good one for determining llie virtual mass of solids as they oscillate in a 
liquid . 


VI.SCO.SITY OF WATER. 


F'or calculating the viscosity of water we start with equation (8); 

^ 4(M + 

“M'T “ M'T 

Now, since M = M'=M'' + m2 and since is less than o'3% of M" (see Table 
II) the error committed will not exceed 3 in 1000, if in the above equation we 
assume that as K itself is a factor less than i. The accuracy of this 

part of the experiment cauuot be claimed to be so high as this, as the mean values 
of ^ in different experiment with the same stem differ from oue another by as 
much as even 3 per cent, in some cases. Hence we may safely make this assump- 
tion and write dow'ii 

,W _ 4(M + KM')X 
M'T 

_ 4M' (i+KjX 
M'T" 

4(1 + K)X 
T 

K' is the factor which gives us the resistance offered to the float due to the 
internal friction of the liquid. As a first step in our calculation, let us assume 
that there is no additional resistance offered due to the stem but that it is all due 
to the sphere alone. Then we can easily equate the above value of K to that 
given by Stokes. Accordingly, we will have 


_ 4{i + fe)X 
^ T 


a ‘^i .1. J-.- 1 

T \ m J 


(12) 


Substituting the value of K, which according to Stokes is equal to 

( — + - 1 , and rearranging the terms, the above equation 

2 4pR / 


can l)e reduced to the form 
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4A /SSr'-^ 
3^ 



/3R - 1 


= o 


(i2a) 


knowing the value of A, fiR may be iirst determined from this equation, and 
then t;. If, however, in {12a) we ignore ^ as compared to and 


as compared to ^ in substituting for £, as quantities of the second order 

4 pR 

of magnitude, a much simpler equation is obtained. 


i6R^A'^p 

qttT 


(12 b) 


/ 

The values of v obtained with the dilEfercnt stems by making n^e of the 
more accurate equation (12a) are given below : — 


Table III, 
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The values obtained for y) are clearly much higher than the capillary flow 
value o'oo 82 i 6 at 2S'S'’C. In this respect, however, the expeririient is not 
at variance with other experiments on damping which give higher values for 
V than the capillary flow value. Brindley and Kmerson" as has been already 
stated, obtained o‘oi3i for v from pendulum experiment whereas the value 
by the capillary flow method is 0*0113. They could get a satisfactory 
value when a correction is applied for the suspending wdre. In a similar 
way the damping due to the stem may be responsible for the high values of v 
obtained in this experiment, and this is supported by the fact that the value of 
y] increases with the radius of cross-section of the stem (Table III). 

A correction for the stem is therefore attempted in the following manner. 
The damping exerted on the float may be taken to consist of two parts, firstly the 
force exerted on the Sphere, secondly the force exerted on the stem. The force 

; exerted on the sphere is evidently due to the internal friction of the liquid and 

is given by Stokes' theory. The force exerted on the stem may be due to two 
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causes ; (») The damping exerted on the stem due to the internal friction of 

the liquid as it moves up and down in the liquid. But considering the fact that 
the displacement due to the stem is very small compared to the displacement of 
the sphere, and that the stem moves parallel to the direction of its axis, this 
force must be negligibly small, (ii) It is also quite probable that the surface of 
the liquid exerts a damping force on the stem as it moves up and down through 
it. As the surface forces act along the circumference of the stem, they must 
be proportional to the circumference, i.e., to the radius of the stem. Hence allow- 
ance may be made for the damping due to the stem if we write a new term p.r 
on the right-hand side of equation (13), where pr is a constant. This equation 
then becomes 


Yj- 4(1+10^ -9 25 . I I . , 

T 4 T \ /IR ^ ' 


(13) 


or 


(I+K)X=9. + 1 + 


r.T 
4 


... {14) 


Consistent with the accuracy of this part of the experiment, r.T. can be 
taken to be a constant, as in equation (5) the error in ignoring- -5- as compared to 
I is not even i per cent. Hence the above equation may be written as 




h r T 

where q is another constant equal to — . vSubstituting the value of K to 

4 

be — H n (according to vSlokes) and rearranging the terms, we get the 

2 4PR 

above equation reduced to the form : 




(15) 


This equation involves two unknowns P and q ; but as ^=: \/ it depends 
upon T and thus varies from stem to stem. Hence we write a=R 
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which will have the same value for all stems, is then equal to — L . Equa- 

v'T 

tion (15) may then be written down as ; 


4^ 

gnr 



(16) 


As the experiment has been performed with 4 different stems, 4 such equations 
are obtained. From any two of the four equations, the values of « and q can be 
obtained. Taking the two equations corresponding to the stems A and C (given 
in Table III) and solving in the usual way, it is found that 


and 


But since 


a = 94-56 
q= 0*1893 


a = R 



, we get 


■ K" ' 

On substitution, *j is obtained to be o'oogib. 

As a test of the theory proposed : the above value of q is now substituted in 
the two remaining equations (corresponding to B and D) and >/ calculated from 
each one of them. The values thus obtained are found to be 0-00919 and o'oopii 

m 

in good agreement with the above value. 

The values of q obtained here are however greater than the capillary flow 
value (0*008316) by about 10%. But for this reason it cannot be said that 
Stokes’ theory is not valid. It is to be noted that this part of the experiment 
is not susceptible to as high an accuracy as the first part. The individual 
values of ^ determined from successive experin:ent with the same stem 
differ from one another by even as much as 3 % in some cases, and since is 
nearly proportional to A® (Equation 126) the error due to this cause alone 
may be 6 % . Also since the correction applied for the stem depends upon 
the small differences in the value of q from stem to stem, the corrected 
value cannot have high accuracy when the uncorrected value of q has an error 
of even i or 3 per cent. In view of these considerations the value 
obtained for q in the experiment cannot be taken to be unsatisfactory. To the 
accuracy that the experiment is capable of giving we may consider that Stokes' 
theory in regard to damping is verified by this method. 

We may therefore conclude that (i) Stokes’s theory of a sphere oscillating in 
a , -'.''uid is quite valid both in regard to its virtual mass and the forces exerted on 
it due to the internal friction of the liquid. 
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(a) The oscillating float offers a good method for investigating problems 
connected with the motion of solids in liquids^ especially for determining their 
virtual mass. 

(in) Some light is thrown on the oscillations of a floating body itself, and 
the theory advanced in this paper, that the liquid surface exerts a damping force 
on a body moving through it will have to be further investigated. 

In conclusion, I wish to offer my grateful thanks to Dr. J. Roy Strock, our 
Principal, for encouraging research work in our College, and Dr. I. Ramakrishna 
Rao of the University College, Waltair, for going through this paper and giving 
me valuable suggestions. 

A. C. Cqi.i,e(;k, 

Guntur. 
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ON THE THEORY OF SEMI-CONDUCTORS 
IN MAGNETIC FIELD 
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ABSTRACT. The present paper investigates the theory of change of rcsi.stance of 
semi-conductors in magnetic field. In the first ailicle of the paper a brief .statement of Wilson '.s 
model of impurity semi-conductor i.s given. In the second and third articles general mathe- 
matical formulation of conductivity is derived taking into consideration Lorentz force only, for 
the models of Bloch and Nordheim, In the fourth article a general discussion of the foregoing 
results together with a critical resumfi of Harding's paper on change of resistance of 
semi conductor is given. The difficultie.s of accepting Harding's paper ipso facio are 
indicated. 


INTRODUCTION. 

Generally accepted picture of free eloclroiis in metals, was considered for a 
long time as the only .satisfactory mode of attack on condnclion proldems. 
This classical concept of free conduction electrons as introduced by 
Drude and Lorentz played a most imj)ortant role in the understanding of the 
mechanism of conduction, notwithstanding its serious drawbacks in explaining 
a number of experimental observations. The rvhole .subject remained at this 
stage, for a considerable period, until this was revived by Sonnnerfeld,^ who, 
following up broadly the old classical concept, most ingenuously introduced a 
Fermi-distribution of electron gas in place of Maxwellian. This modification, 
indeed put a new stimulus to a number of investigators, namely, Houston, Bloch, 
Nordheim and Peierls®, who introduced new quantum mechanical concept into 
the subject and arrived at a more satisfactory and correlated understanding of 
mechanism of conduction. The phenomenon of Super-conductivity, however, 
remains still to be explained. Notwithstanding the brilliant work of the above 
mentioned workers in the line, a general and definite theory on conduction in 
magnetic field is yet to be welcomed. As for example it lias been observed 
experimentally, particularly by Kapitza,® that the change of resistance in metals 
under magnetic field obeys a particular law. In a weak field, cliangc of resistance 
obeys a square law and in a comparatively stronger field, a linear law. This may 
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be assumed, however, that the two effects, one contributing to a square law and 
the other contributing to a linear law exist simultaneously, but in weaker field 
square effect is more pronounced up to a certain point and then makes a sudden 
transit to the linear law. Soimiierfeld qualitatively explained this square effect 
in a comparatively weaker magnetic field but failed in the quantitative estimation 
of the constant of the square law and also could offer no explanation for the 
change of resistance obeying a linear law in a comparatively stronger magnetic 
field He also fails to give any account of temperature-dependence law, Frank,* 
however, extended Sommerf eld's calculation (on the assumption of free electrons) 
and obtained a rather complicated expression which provides for a quadratic law 
in a weak field but saturation follows in an extremely strong field instead of the 
linear law as observed. His theory also failed to give a correct estimation of the 
coefficient of the square law. Change of resistance in all the above cases was 
considered in a magnetic field transverse to the electric field and in no j case the 
above investigators could put forward any explanation whatsoever, for thfe change 
of resistance when the magnetic field is parallel to the electric field. It ms been 
experimentally observed that the change of resistance in the longitudinal field 
is of the same order as of that in a transverse magnetic field. Bloch,'' however, 
tried to overcome this difficulty by assuming the effect of magnetic field in 
changing the direction of spin of the electrons. This change of orientation would 
cause a change in the velocity of electrons and thus resulting a change of 
resistance. Bloch also failed to obtain the right order of magnitude for the 
coefficient of square law and to explain linear law. Peierls^’ also carried out 
extensive investigations in this line from different staudpoiiits and ultiinately 
succeeded in explaining change of resistance both in parallel and transverse 
magnetic fields. lie considered that frequency of collisions (in Bloch's model 
of electron gas where electrons move in a periodic potential field) in different 
directions are different and this anisotropy accounted for the change of resistance 
both in transverse and longitudinal fields. Here again Peierls failed to account 
for the linear law and obtained the saturation in strong magnetic field like I'rank 
and also arrived at a quantitative agreement with the experimental results, in 
regard to square law coefficient, by taking an abnormally large anisotropy of t 
(average time period between collision). The first successful attempt to correlate 
the experimental results so far available, with the theory was made by Titeica.'^ 
He introduced the quantisation effect under magnetic field and explained the 
change of resistance both in longitudinal and transverse fields. He also depicted 
correctly the linear law and found a quantitative agreement in the coefficient of 
the square law. This concept of quantisation, extending it to the problem of 
resistance in metals under very strong magnetic field was borrow^ed from Landau^ 
who first considered* this effect in explaining the diamagnetism in metals. 
^Briefly, we may explain the quantisation effect qualitatively as follows: 
Normally, the electron under the influence of lyorentz's force does not describe 
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a complete orbit in consequence of its frequent encounterings with the ions. 
The electron may just describe small arcs of its orbit between successive collisions 
(indicating thereby a continual tendency of becoming quantised), i.e., nonnally 
the time period of spiralling of an electron is very very much greater than that 
between two collisions. If on the other hand, the time period of spiralling is 
smaller than that between two collisions, the electron can freely describe its orbit 
without encountering another ion in its way. This orbital motion has its 
equivalence in two harmonic oscillators and thus in the language of new 
quantum -mechanics the energy intake of the electron in magnetic field is 
quantised. It is therefore apparent that there must be some critical value of 
the magnetic field at which the quantisation effect Irecomes pronounced and 

this critical value of magnetic field is given by Ho= - ‘ , i.c., the mean free 

er 

path is of the order of radius spiralling orbit. 

In case of semi-conductors it has been experimentally observed that, in 
contrast to metals, the saturation is reached in the strong magnetic field after 
the square law (weak field). It could therefore be expected that the quantisa- 
tion effect was non-existent in case of semi-conductors. On this assumption 
Harding ” investigated quantitatively on Wilson’s model, the change of 
resistance in semi-conductors and found both qualitative and quantHalivc agree- 
ment with the observed results. It should be particularly noted that notwith- 
standing the fact that almost all inve-stigators, in case of jiietals, succeeded 
in explaining the qualitative nature of the square law, — yet failed completely 
and definitely in quantitative confirmation- As for example, in case of alkali 
metals (inspite of the fact that all the data necessary for the quantitative 
evaluation of the change of resistance, are more or less accurately known) the 
discrepancy between the calculated and observed results is astonishingly large. 
Koretz ' ^ gave the following values : — 


Change of Resist :iiicc 


Metal 




calculated 

observed 

u 

5'6 X 

I's X I0'> 

Na 

I'l K 

7 X lo"* 


It is therefore quite probable that one would accept Harding's results with a 
little hesitancy. It is proposed that in this paper we would endeavour to 
investigate the problem of the change of resistance of semi-conductors 
in magnetic field afresh from a different mathematical standpoint, though 
principally the same as Harding’s, and confine ourselves only to the transverse 
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magnetic field. It is proposed to continue this investigation further, in evaluating 
the change oi resistance, incorporating the effect of quantisation both in trans- 
verse and longitudinal fields* 

In the first part of this paper it is proposed to discuss very briefly the 
model of a semi-conductor as outlined by Wilson and Fowler In the second 
part, a short mathematical formulation of the problem together with the 
important analysis will be presented- In the third part, we shall apply the 
results as obtained in part II, to the particular case of impurity semi-conductors 
and work out the change in resistance both in weak and strong magnetic field. 
Ill the above calculations both the models (Bloch's and Nordlieiiii's) will be 
taken into consideration. The results will then be compared with the observa- 
tions and a critical discussion will be given, on the strength of this comparison, 
as lo the validity of the present theoiy on semi-conductors. 


§T MODBIv. 

Before entering into the mathematical formulation of the problem wt? may 
briefly discuss the models of metal and vsemi-conductor. Metals may be considered 
as composed of atoms placed at a distance of lattice-constant from one another. 
The electrons in the atoms may be considered as confined in potential boxes, 
each box, however, having definite energy levels corresponding to the levels 
of the atom, and these energy levels arc occupied by the electrons. If we 
consider an isolated atom, these electrons in definite energy levels are bound 
to their respective levels. The probability of any electron, to*lcak out of the 
box, is infinitesimally small. Thus in such a case each one of the energy levels 
is sharply defined. Now when we bring closer to this isolated atom other atoms 
(as in actual metal), the whole picture then changes and the probability of leakage 
of each electron increases. As a direct consequence, no longer the energy levels 
remain sharply defined but they are broadened and in the potential box we have 
alternately allowed and forbidden zones, corresponding to the case of an isolated 
atom where allowed zone consisted of a sharp energy level. The energy differ- 
ence between the adjacent levels in the allowed zone is very very much smaller so 
as to form a continuous band (energy difference being of the order of a maximum 
of 5 electron-volts.) The energy difference between a level in the allowed zone and 
the next higher level in the forbidden zone is enormous (the energy difference is 
of the order of lo^ electron-volts). Thus we see that all the electrons though 
bound in the classical sense, are now free to move through the lattice. Now, as 
to which of these electrons wull actually take part in conduction, will be decided 
by the Pauli s exclusign principle, which definitely fixes the number of electrons 
, that can occupy any particular energy level. When a particular level takes in 

many number of electrons as is permissible according to this principle, the 
level is filled up or saturated and when there is a deficiency in the number of 
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electrons occupying any particular level, the level is partially filled or unsaturated. 
As the electrons usually (not applicable to rare earth and transition groups) 
saturate these levels successively starting from the lowest, — it is only the outer- 
most level that remains unsaturated. The substance composed of atoms with 
saturated and unsaturated levels is a conductor and the electrons in the outer 
most unsaturated level take part in conduction ; if however, all the levels are 
filled up (the substance is an insulator provided the outermost empty levels do 
not overlap as in the case of calcium). Now if the thermal agitation is suffi- 
cient enough to enable an electron to jump from one of the occupied level to the 
next higher unoccupied level, then under that circumstance the substance wall 
behave as a conductor even if all the levels be normally filled up. It may be 
noted however, that in this particular case of conduction the temperature of the 
substance must have to be abnormally high (see Fowler). Under normal circum- 
stances an insulator may, however, behave as a conductor when small traces of a 
foreign substance are introduced into it in the form of impurity such that the 
energy levels of this foreign substance lie just below unoccupied energy levels 
of the insulating substance. Due to the close proximity of the unoccupied energy 
levels of the insulating substance and the energy level of the foreign substance a 
small thermal agitation will be quite sufficient to remove an electron (as a process 
of thermal dissociation) from its own level to its next higher unfilled level. Thus 
we see that a number of conduction electrons is artificially created (so to speak) 
within the insulating substance. Since very small traces of the foreign substance 
arc introduced, therefore, the concentration of electrons in the outermost level 
(hitherto unoccupied) will be very very low and the distribution of electrons is 
to be taken as Maxwellian. This particular model of semi-conductor is due to 
Wilson and Fowler and* we shall base all our calculations on this model, In 
our present paper we shall introduce both the prevalent lattice models in our 
general solution, namely, deformable ionic lattice (Bloch) in which it may be 
assumed that each ion is so displaced that it induces a continuous plane elastic 
Debye waves — whereas in the rigid ionic model (Nordheim), each ion may be 
considered to be rigidly fixed to the lattice and undisturbed by the action of 
elastic waves. It may be inferred, however, from the picture of the two models, 
that at lower temperature deformable model may prove more satisfactory whereas 
at higher temperatures (above Debye temperature) Nordheim 's model may 
furnish better results. The object of incorporating both the models in our paper 
is to observe the relative correctness of the two models in oiir problem. (See the 
article by Betlie^^ where he advocates for Bloch's model and considers 
Nordheim 's as absurd). 

2. We shall now investigate the change in the distribution function of the 
electrons in the model semi-conductor as outlined above, subjected to external 
There are other cases of sc mi-conductors which shall not be discussed here. For defail- 
ed account see. reference (lo) 
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electrical and magnetic fields, taking into consideration the interaction of Ihe 
electrons with the lattice vibrations. It is then given by the well known Boltznian 
equation : — 


® ^ (total) ^ * (field) 


+ ^ 

® ^ (collisiou) 


whence f = fo + /i and f] < < fo 

fo = distribution without field 

fl “ distribution in presence of field alone 

/o = " 

f , 

A 


... (i). 

... (a) 


(3) 


A = 


nh^ 


the Soniinerfeld’s criterion 


2i27nnkT)^'^ 

for degeneracy 

or introducing the time of relaxation as defined by 

(At] = -JjL 

\ dt j (collision) 

we can write out the equation (i) as follows : — 

If + ( ^ grad_^/ j + .1 grad^/ ^ + - 1 ^ = o 


.\ (4) 


(5) 


( 6 ) 


F = Force acting on one electron 


= eE + — 

c 


V H 


(7) 


E and H are respectively the strengths of electric and magnetic fields, 
For the solution of equation (6) let us put 


^ = ^x(B) ■» j 


ft= ( X(B) ■» I ••• (8) 

X (£) is a vector depending on the magnitude of E. 
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Substituting (2) and (8) in equation (6) and introducing (3) 
equation (6) reduces, after some simple deductions to : 




+ H X ’■ + X = 0 

m c 


... (9) 


or putting in abridged form 




- eE 


... (10) 


^ eH 
N = T 


... (ii) 


the equation (9) finally reduces to 


-V -V 


X + [N x] + M = o 
Solving (12), vve obtain' * 


... (12) 


-> -V -»• -V ->■ -v 

M + [N M I + N (N M) 


1 + (N N) 


... (13) 


Having solved x • we may at once proceed to calculate the currrent and 
thence the conductivity. The current is given by ; 


/j vdil 


... (14) 


dil — ' dvx dvy dvt 

h 


... (15) 




V X I dVic dvy dVf 


... ( 16 ) 
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Assuming the material to be homogeneous and the temperature constant 
throughout the material and with the help of (i6), (13), (10) and (ii), we may 
easily arrive at an expression for the current in the .r-direction as follows : — 


[ii,. K + 

”-y -v" 
HK 

P+HJH E P 

/ me 


\ / ! 


(17) 


where K 




P 


E 

E 

ffl 


T? r dvxdVfdv, 

v'i r® dvj: dv„ dvt 

dh 

“ 7 + 7^® H®/n;® 

vt dvx dVf dvt 

I "+ C® ~ 



(20) 


3. Pet us now proceed to investigate the conductivity in a transverse magne- 
tic Held, i.c,, the magnetic held is applied in the j-diroction when the impressed 
electric field is in the a - direction. 


We therefore obtain ; 


1, = - 2 


C n/ I I ' T- T I T.' ^ T 

'[IVj- Ix Uj Iv« P, 
III c \ 


n' 




— |k„ K + H, Ji,-- pj- 

i ni c \ 


(21) 


(22) 


J . = o 


(2.3) 


Transverse electric field in the y-direction is due to Hall effect and to prevent 

ti.. of the Hall current, we must substitute a field in opposition. 

, 

f ^ 

And therefore to make ij, = 0, we obtain from (23) 


E, 


e 

me 


P 

K 


H. E*. 


(24) 
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Substituting llie value ol‘ K,, fruui (^4) in (ei) ue obtain the expression for the 
conductivity in the K-direction as follows : — 


2eSH'' 

h'^ 



L" 

K 





(25) 


Now for the evaluation of the conductivity, a knowledge of the values of the 
integrals K and L as given by (18) and (19) is essential. General evaluation of 
those integrals are not possible and vve therefore restrict ourselves to the two 
limiting cases of the problem : 


U) 


H«no ; Ho=-"— 

CT 

i.e., when magnetic field is weak 


I (26) 


(u) H>>Ho , i-c., when the magnetic field is strong. 


As explained in ^ i, H= ' - =Ho, will mean physically that the magnetic 

er 

field is such as to cause the siiiralling of the electron round the magnetic field as 
axis, the spiralling effect thus playing an important role when H»Ho. 

Further we may take the time of relaxation from either of the models 
of Blocli or Nordheim 


Ch 

^(Bloch) ^ 1/2 


Where C,. 

2“'^ h fcTC? 


(? 7 ) 


and 

electron) 


(d- Debye temperature. 

5=® density, 
a = lattice constant. 

/9 == a constant depending on the lattice sijriicture. 
ft “ Boltzmann constant. 



sraverage kinetic ^i^rgy of the 


From Nordheim 's model 
^(Nordheim) =CnE'^^^ 


and 


2^^^ {kOy^ a^m^^^ d 
33/3 ^1/3 28e'fe®feTJ 


w'here 


log,, (t + i) — 


t + i 


, and t=i'36.io’“b®T 


(28) 

(29) 


l)= screening constant. 


(For notations see reference 14). 

5 
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I<et us mow investigate the case when and r is given by the 

BT 

Bloch's model [(i.e., from (27)], whence we obtain after integration — 




- (30) 


I.= -C? A I 


_ 2C,“ \ 

mH-^kT j 


■ (31) 


Where as taking r for Nordheim's model from (28) : 


K= -C.A^ ^ J^.2.3(feT)« 1 Ck .i2oe^B.Hk'lV \ [ 

rn 1 m'^c^ j \ ' ^ 

L= -cl ,945_ (feT)''\l 

tn ( ) 


For the limiting case of a strong field, f.e., when H» and considering r from 

er 

Bloch’s model we have ; 




{34) 


of* <i 3 2 

L= -A.ffJ/® ? — (feT)^ ™ 


(35) 


and for the same strong magnetic field taking into consideration r for Nordheim’s 
model, we have : 


v_ A 4 m^c'^ I 

c 7 “ 7 ^^ 

m 


(36) 


L= -Aff 


3/2 2 “ 




2 m‘c‘ 1 


f.'i H® (same as Bloch’s) (37) 


With the above values of integral substituted in the equation (25) we get 
the change in conductivity as follows 
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For weak field. 

Ao- _ Cpe^ fn _ \p.a 

o-f, w'c2feTy4 j 


(Bloch) 


(38) 


A(r 

<^o 


a 


m^c 


44(feT)* H2 


(Nordheim) (39) 


Where a-^ is the conductivity in the absence of the magnetic field. 
If we express the re.sults in terms of resistance we get : 


R 


= aH2 


(40) 


B'or Bloch’s model — 


(Bloch) ”‘^•22 


' ( 2"’^^ Y fe 

327r j y he j e'^m^ * CjT'i 


(41) 


= 7'44-io 




CtT'* 


and for Nordheim ’s model 


“(Nordheim) c^’h* 


(42) 


(43) 


= 4-11.10’^*^ 


-4 j ‘2 ■ 


For the limiting case of a strong field 


(44) 


we obtain : — 


=ouj 7 (Bloch) ... (4.';) 

R(H-*-<x) 


— — o‘7os (Nordheim) 

R(H^oo) ■ ^ 

It should be particularly and most emphatically pointed out tliat foi the 
evaluation of chanp^e of resistance, and to arrive at a quantitative agreement with 
the ex^perimental results, we are faced with a number of variables whose values 
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are not definitely known yet. As for example, it is quite apparent from the 
equations (42) and (44) that the proportionality factor « is very sensitive to the 
quantities which entirely depend on a definite knowledge of the structure of the 
crystals concerned and unfortunately the values of such quantities could only be 
fixed very approximately. In our case any significant variation in the value of 
the lattice constant shall introduce an appreciable change in the final calculations. 
We, however, proceed to make a quantitative estimation of the proportionality 
factor (x with reasonable values for the above quantities. 

Taking the case for genuanium — 

0 = 2'io‘^ Abs.* 
d = 5‘46 grams/cm^, 

T = 3-10^ Abs- 
Ci = i‘8.io"^* ergs. 

^ = I'fi.io”^^ erg.s. 

a = 5‘9.io~'* cm* ^ 

T — 4X10* cm/second. 

We obtain on substitution of above values 


Alt ^ 

— = 2 62.10 H“ 


(Bloch.) 


(47) 


^ = 2-2X10- for, 


■= 1115 X fur h — l 


(Nordheim) 


(48 and 49) 


We thus lind that in bolh the models tlieoretical estimation is in reasonable 
agreement witli the observations of Kapitza. But as stated above, the agreement 
may only l)e acce])ted willi reservation, since the result may vary to a large extent 
with the slightest change in the Debye temperature or in the lattice constant. We 

3/7 ^ 

** Using the formula ^ ^ S‘S » Abs— (.sec Blectronen theorie dcr Metalle, p. 272, H, 

Frolich) where A — atomic weight, we obtain B ^ 177® Abs, — thus a value of the order of 200 
Abs may be taken reasonably. The lattice constant '‘a is then calculated from the relation 
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also find here that Bloch’s model furnishes us with correct relationship between 
the change of resistance and temperature whilst Nordheim’s model fails to 
do so. In our problem it may be asserted that Nordheim's model is un- 
satisfactory notwithstanding the fact that in the limiting case H ex both the 


models give 


values for 


R ' 


which are approximately of the same order of 


magnitude, and also furnish with reasonable quantitative agreement for a. 
Let us now compare our results with those obtained by Harding who 
claims to have a quantitative agreement w'ith the experimental results- But 
as revealed in the foregoing discussion, firstly there is an error of the order of 256 

ar 

in Harding’s calculation for and secondly Harding presumably takes an ab- 

normal Debye temperature 0 — 1180° Abs.”' Harding’s result, when corrected, 
comes out as follows : — 


:ei-6-2Xio-*'>H2 ... (so) 

K. 

Thus we observe that the calculated results do not rigorously corroborate 
the observed fact, We shall now leave aside rigid ionic model (Nordhciin) in the 
evaluation of Hall constant as it fails to give the important relationship 
of change of resistance with temperature although we arrive at a nearer quanti- 
tative agreement for the coefficient a than that given by Bloch. 

Hall constant is defined by : 


_ _ .f_ L 

tjjH me k tr„ 


b'or weak field 


R 

k 


11 

0 







(Bloch) 


^ (j “q's ^ io~' “H'^j 
For strong field, H -► X) 


Lsi) 


152) 


hi' = <y848 (Bloch) ... (53) 


* Harding lake^^ a lO’^s cin. and ciiis/.‘iec. and 0 conies out hniiicdiately from 

the relationship (B) in the previous footnote. 
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CONCLUSION. 

Frorn the foregoing results and discussion we are of opinion that the theory of 
semi-conductors in magnetic field under the assumption of Lorentz force only is to 
be accepted with reservation. Although the nature of the experimental curve for 
change of resistance in the magnetic field (in weak field the change is proportional 
to H*, followed by a saturation in strong field), yet the quantitative agreement 
can only be arrived at under circumstances (by adjusting the variables as indicated 
in the paper), which are not altogether free from a certain amount of reasonable 
suspicion. It will be, however, interesting to investigate experimentally the 
change of resistance of semi-conductors in a longitudinal magnetic field, which 
alone can definitely decide whether quantisation has any eSect in our particular 
problem. 

I 

I wish to thank here Dr. R, C. Majumdar of Bose Research Institii|te for a 
number of helpful suggestions for this paper. 
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A NOTE ON THE 8 (CH) VIBRATION IN SODIUM FORMATE. 

BY JAGANNATH GUPTA- 

(Recchcd for publication, August 2S, 19.37.) 

Plate XII. 

ABSTRACT The composite character of the Raman line 139S cnr ’ of formic acid is dis- 
cussed, in contra.st with the line 1353 cm ‘ of sodium fonnate, from points of view of nature, 
intensity and polarisation characters. Spectrograms arc reproduced to sliow that the 13(^8 
line of formic acid is replaced by a pair of lines, 1355 and 1395, of different inten.sities, in the 
crystals of sodium formate The feeble intensity of the line 1393, which is identified with the 
5 (CH) vibration of the formate ion, i.s in acc'ord with the intensih' of tlie correspr aiding line in 
other organic molecules where a single hydrogen atom is attached to carbon. 

Tlie Raman line Av i.^QcS of formic acid, which is usually atliibuted lo the 
deformation oscillation of (C-H), is broad, moderately intense, and has a de- 
polarisation factor o’^ii. This value is unexpected, since the value of /u of the. 
corresponding line in the various other aliphatic compounds ' like the acids, 
alcohols, esters, ketones, alkyl halides, etc., very nearly approaches 6/7,— the 
ideal value for total depolarisation. 

The line 1353 of sodium formate (examined in aqueous solutions) is, on the 
contrary, exceedingly sliarp and intense, and polarised to a great extent (/o = ’i7)-® 
The attribution of this line to the ^ (CH) vibration is associated with even greater 
difficulties, considering its [tolarisation character. Moreover, since the line 1353 
is by far the most intense Raman line in the spectrum of sodium formate,'^ such 
an attribution leads to the conclusion that in the formate ion, the deformation 
oscillation of the hydrogen atom against carbon gives rise to a more intense 
Raman line (1353 cm"’) than the valence oscillation of the same (2834, 2736 ems"'), 
which is to a high degree, improbable. 

It was therefore suggested by the present author that the line 1353 of sodium 
formate has its origin in the symmetrical vibration of the ionised carboxyl group 

( 

I “C\ I , the thick lines representing the hond of resonance which is different 
\ ^0 

from either the purely single or the double bond in its energy content. The 
point has been discussed in several subsequent communications,'* with other 
molecules containing the carboxyl group. 

The different degrees of depolarisation of the line 1398 of formic acid and 
1353 of sodium formate (in solution) clearly point out that they are not of the 
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same origin. The 1398 line was therefore suggested to be a composite line, “ 
arising from an accidental coincidence of the deformation vibration frequency of 
(C-H) and an inner vibration of the carboxyl."’ Experimental evidences in 
favour of this explanation were its broad character and the departure of its 
value of p from 6/7. 

It is obvious that no better evidence of its composite nature can be adduced 
than by actually resolving it into its components. Such an evidence is difficult 
to obtain from a .spectrum of the formate in solution, where although one of the 
components (1353) is extremely intense, the other component (1375) (13S5- 
Ed.sall ' 0 , is exceedingly feeble, and could not be recorded with sufficient 
intensities. 

In the crystalline state, therefore, where Ray and Sarkar postulate a 
a stronger force of binding between carbon and hydrogen than in solutions, an 
atteni])! has been made to see if the deformation vibration is recorded asja Raman 
line of reproducible intensity and separated from the symmetrical vibratiln of the 
ionised carboxyl under the influence of strong ‘'crystalline” forces. \ 

Nearly a gramme of the formate was obtained in small transparent icrystals 
by slow crystallisation. The crystals were illuminated by the powerful nyiiation 
Hg4o/.]7X with the help of a pair of fillers, — a very dilute solution of sodium 
nitrite to cut ofl 3650.^ group of lines, and a concentrated solution of iodine in 
carbon tetrachloride to cut off 4 358 A group of lines and others of longer wave- 
lengths, — placed in the incident radiation from a quartz mercury arc. A saturated 
solution of sodium nitrite (10 mm. layer) was used as a complementary filter'* in 
the scattered radiation. The spectrogram is reproduced in plate XII, with that of 
pure formic acid taken for comparison on the same variety of ph'otographic plate 
(Ilford’s Golden Isozeuith), in the same spectrograph and with identical width 
of slit. 

In the spectrum of solid sodium formate, the line 1 398 of formic acid is 
clearly replaced by two lines 1350 and 1395. The sharp and intense line 1350 
originates presumably from the symmetrical inner oscillation of the ionised car- 
boxyl, while the faint companion at 1395 to the deformation oscillation of hydro- 
gen in the formate ion, whose small intensity is in accordance w ith the feeble 
intensity of the Raman line attributed to the K (Cfl) vibration in all organic com- 
pounds where a single hydrogen atom is attached to carbon in the molecule, 
e.g., in CHCl,, Cl.C-CHClg, CHBrs, Cl.C-CHO, Cl;,C.CH(OH)o, C 1 .C= 
CHCl etc. 

The author is indebted to Profs. Sir P. C. Ray and Dr. D. M. Bose for 
providing the author with all facilities for work, and to Dr. S.C. Sirkar for his 
guidance. 
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TECHNIQUE FOR MAKING COLLODION FILTER FOR 
THE K„ CHROMIUM RADIATION. 

BY SURAIN SINGH SIDHU, M.Sc . Ph.D. 


Uii'ceivccl for publicaiioti, Septniiba i, 

ABSTRACT— Collodion filters of a.'iimoniuin (iiielal vanmlatt have heeii found very 
satisfuetoi V in tliC' obtaiiiiiiji of the K« rhroiin’uni radiation. This noie (leserihes (hi niethud 
of preparation, the eoneentratioii ot vnnadiiini which proved most suitable, and the satisfactory 
condition of operation of an X-ray tube in conjunction with such filters. 

The iiietliods for prc'iJariuK the filter.s to oirtaiii a inoiiochronialic x-ray buaiii 
for piirpose-s of crystal structure analysis, .so far propo.sctl, fall into two groups. 
If the liltcr element is in the fenn of a thin sheet, as for exaniple, nickel foil for 
copper radiation, it is cut to the desired thickness and used as a filtei . When 
the filter element is not obtainable in the above form however, as for example, 
vanadium, .suital tie filtering .screens are made from a compound of llie filtering 
element by one of the several ways. A filter ])aper may be soaked in the solution 
of a compound of the filtering element and dried ; a compound of the filtering 
element may be mi.sed with another element of low atomic number and then 
spread on a slieet of paper coated with .shellac ; an element may lie electro- 
deposited on an aluminium foil, as for examjile, niangane.se on aluminium for 
filtering iron radiation ; and finally a compound of Die filtering element may be 
suspended either in a paraffin block which may afterwards be cut to the de.sired 
thickness, or in collodion, which may be .spread out in a thin .sheet and allowed 
to dry. 

Collodion filters of ammonium (meta) vanadate were prepared ' by the latter 
method and have been found very satisfactory in the obtaining of the K„ 
chromium radiation. The methocr"^ of preparation, the concentration of vanadium 
which proved most suitable, and the .satisfactory condition of operation of an 
x-ray tube in conjunction with such filters, are described Iielow . 

Mix 25 grams of well-powdered ammonium (meta) vanadate of technical 
grade {NH4 VO,;, V (as V.jOs) 7705; FeiO.; 0025: SiO^ o'us ; Cl oTo; 
SO3 o'oi ; alkali 0T6} W'ith 40 c.c. of collodion of the flexible variety'* (24 per 
cent, alcohol, 72 per cent, ether) and 20 c.c. of 95 per cent, alcohol, and stir 
thoroughly. 

Prepare several polished aluminium plates of size and half that 

many pieces of blotter of the same size. Take one of the plates and dip it itito 
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the mixture, remove, allow to dry for a few seconds, turn it around and dip it 
again so that the end that formerly entered the liquid first, now enters last. 
Repeat the dipping until the desired thickness has been obtained. Set the coated 
plate aside. Treat the other plates the same way. 

In less than an hour the coating will dry and peel of! the plates. Put the 
coatings iuUi a flat dish with alcohol in it. The alcohol will soften the coalings 
■so that they can be .spread out perfectly flat. Place a blotter on a plate and a 
coaling on a blotter. Be sure that the coating is perfectly flat. Place another 
plate on the coating, clamp the whole assemblage and place it in an oven. Heat 
at about 8o C for half an hour to drive alcohol and ether out of the coating into 
the blotter. The coatings thus treated are the filters in the fini.shcd form. Cut 
the filter to the de.sired size with a razor blade. 

To obtain the required temiicrature of fio^C an inexpensive ovfn was made 
from a .stove pipe of 7 inches diameter and one foot length. One end of the pipe 
was tightly closed with a wooden base at the centre of which was screwed lamp 
socket. The wires for the electrical connections to the .socket were brqught in 
through a narrow' hole in the pipe near the base The other end of the pipe was 
covered w ith a wooden top to which w'as attached a metal .shelf for supporting 
the assemblages. The shelf was about 7 inches from the bottom of the oven. A 
hole was made through the middle of the top for the insertion of a thermometer. 
The outside of the pipe was covered with a thick asbc.stos covering. 

When a 75 watt Mazda lamp was connected to the socket and operated at 
normal voltage, it heated the oven to the desired temperature in half an 
hour. 

L'ollodion filters of 0.5 to o.b mm. thickness were used in making powder 
photograms of pyrrhotite with the K„ chromium radiation, w'hich was .supplied 
by a Phillip's tyjie demountable x-ray tube equip] led with an aluininuinwiiidovv 
of O.U0Q5 iiicli thickne.ss. The tube was operated at 40 K.V. peak and the load 
curieiit was .:u niilliampeies. 


k E F R R K N C E 
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AN APPLICATION OF THE RAY-DISPLACEMENT REFRAC- 
TOMETER- TO THE STUDY OF THE ANOMALOUS 
DISPERSION OF DIDYMIUM GLASS. 

By K pros ad 

AND 

R P. GUPTA. 

(Physics Department, Patna Science College.) 

{Received for pubUcatiou, Sr.ptewbn /c, jg.s?.) 

ABSTRACT, Thu paper deals with the application of the rny-displaceinent rcfracto- 
meter construett^d by the authors and described some time back in this journal, t(j the study of 
the anomalous dispersifUi of a sample of didyininin glass. I'he accuracy of measurements 
claimed for this instrument has been fully substantiated by the location of positions of absorpti'Ti 
bands of didyminin known from previous ineasiireiiieiits Further, the study has un- 
mistakably located positions of other bands which photography had failed to reveal 

I. J N T R O DUCT! ON . 

In a paper ' recently published in this journal, we had described a refracto- 
inetcr of a simple design but possessing considerable accuracy and had given the 
results of ineasureineiits of refractive indices of some solids and liquids with 
respect to a few wave-lengths 

The object of this paper is to testify further to the accuracy and reliability of 
the appaialus, by sLudying the anomalous disi^ersioii of a s])ecimen of didymium 
glass whuse absoiptioii bauds had been previously studied by one ol ns and 
described elsewhere * 

li X pp; K 1 M I<; N T A J, . 

The didymium glass was in the form of a cube about 1-3 cm. each way. Its 
exact composition was not known and was found in the laboratory in one of the 
old boxes in the storeroom. The apparatus having been assembled as described 
in our paper (toe. cil.), light from sodium lamp and each of the discharge lubes, 
namely, of hydrogen, neon, argon, krypton and helium, was used in succession, 
to determine the refractive indices of the glass with respect to as many as 26 lines 
distributed over the visible region of the spectrum, and found suitable for visual 
observation. 

3. R K s U T S . 

The refractive indices calculated with the help of the formula — 


Couimunicated by the Indian Physical Society. 
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fi — i. + i^ — 2 d.i sill i 

i- sin i-d 

are given in table I with their corresponding wave-lengths and figure i is the 
dispersion curve obtained by plotting the tabulated vales of refractive indices 
against the wave-lengths used. 


Taulk 1. 


No. of obs. 

Wave length in A. U. 

j Kcfractivc index <C"aI.K 

1 

i 

1 ' 

1 

! vSource . 

I 

4157 

i 1*52222 

1 Argon 

2 

,'\ 20 O 

1 1 52518 

1 Argon 

3 

^273 

' 52-124 

Krypton 

1 

4 


^’52354 

1 

1 Krj^pton ' 

5 

0502 

! 1 '52648 

1 Krypton 

6 

402 S 

1 I '52506 

1 

i Argon \ 

1 

f 

4702 

i 

j I ’52332 

! Argon 

S 


I ‘52727 

1 Argon 

0 

5162 

1 ‘5259-1 

1 J^i'gon 

10 

5221 

1 52503 

j Argon 

IT 

52<Su 

1 '52590 

Neon 

12 

3400 

1*52518 

Neon 

13 

55^2 » 

1 52315 

Krypton 

M 

587 J 

J 5232 

Krypton 

1.5 

5^03 

>'S2220 

1 

Sodium 

iti 

0032 

j 

1 ‘52144 

Argon 


60. so 

i‘ 52(>5 

Krvph)n 

iS 

^’M3 

I '52 106 

Neoji 

10 

! 

1 52025 

Neon 

) 

6383 j 

1‘5IQQ5 

Neon 

21 

f).102 

1 ‘51973 

Neon 

22 

6416 

1*52025 

Argon 

-’3 

642 J 

1*51982 

Krypton 

24 

^563 

1 '51820 

Hydrogen 

2.S 

6399 i 

r’Si 9 i 7 

Neon 

26 

667*^ j 

1-51870 ] 

1 

Neon 
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/l, DT SCUSST ON. 

Lookiug at figure i it will be found that bold lines have been drawn at 
six wave-lengths, namely 4714 4844 X, 5126 X, 5265 X, 5786 X and 5842 X. 
These represent wave-lengths of absorption bands of the clidyniium glass found by 
one of us. The well known feature of the dispersion curve bending in opposite 
directions across any absorption band due to 'anomalous clispcrsioir is very 
strikingly shown by the results of observations idotlcd here. It will be further 
seen from an inspection of figure i that local nature of bending of the dispersion 
curve in different regions ])oints to the existence clearly of at least eleven 
absorption bands, six of which as pointed nut earlier, ha\e been 
actually observed by one of us. Two of the remaining five bands, namely 
those vSUggested from the curve at w ave-lengths, 4I^’o X and 4-140 X are in ex- 
cellent agreemenl with the observation of Livcing and Dewar/ inspite of the 
fact that they worked with water solution in which the bands will be slightly 
shifted. Partly on account of the iiisensitiveiiess of the eye to light in this 
region and partly also to tlie absence of suitable w uve-leiigths closer to the absorp- 
tion bands, a larger number of observations could not be taken to fix the 
positions of the absorption bands more closely. The above agreements"' in 
the values of wave-lengths of absori)tion bands indicated by the curve from the 
nature of the breaks, lend very strong support to the undoubted existence of 
absorption bands also at the three w’ave-lcngths 6100 X, 6407 X and 6580 X. 
In these regions tlie observations have gone much closer to the positions of 
absorption bands as will be seen from figure i and the bending of the dispersion 
curve in opposite directions is unmistakably clear. 



It is interesting to point out here that a photograph of the absorption bands 
of the (lidymiuin glass taken with a Hilger constant deviation glass Spectro- 
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graph, records only the six bands studied by one of us. Neither the bands 
on the more refrangible side of 4714 X nor those on the less refrangible side of 
5842 A make tlieir appeai'ance on the negative, so that using an instru- 
ment of the type pointed out above, to locate the positions of absorption band 
of didymium glass one is sure to miss them. The reason for this may be the 
small disi^ersion of the spectrograph in the red and the general absorption in 
tile violet ])ortion whieli didymium glass is vvxd! known to po>ssess. The 
suiierimily of the ray-displacement refractometer in clearly locating positions 
of abstirption hands many of which might be missed by ordinary methods of 
[diot(;gia])hy , is then unquestionable. 

Lastly, using tlie well known electron theory of dispersion due to Lorent/. 
and the values of refractive indices close to ahsori)tion bands as determined by 
us and recorded in this paper, it is possible to calculate rouglily the values of 
the constants N 1, N^, N etc. in the equation — 




— I 4- 




7 t;;/o 


■f 


No.c- 


TDn 


„(vo^-r2) 


-f 


\ 

\ 

\ 




These come out roughly to he — 


N|- 



N,- 

o' 7 i 

X 

Nj= 

5-84 

X J 

N,- 

ii'2g 

^ , 


3'57 


N,- 

9*92 

. 


corresponding to band at 

•» 1’ II n ,, 

■» IJ M n 

*1 M II )l f, 

” »» I! II If 

M II ,, ,, f, 


6580 A 
6407 A 
6 ion A 
5S42 A 
5265 A 

5126 1 


and appear to be of the correct order. 

A more accurate determination was not possible as in many cases suitable 
line.s for observation very close to the absorption bands were not available from 
any of the sources at our disposal. 

In conclusion we would like to thank Mr. B N. Ghosh for help in calcu- 
lation and Mr. S. N. Chatterjee for drawing the curve. 
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ON THE INTENSITIES OF RAMAN LINES DUE TO 
LATTICE OSCILLATIONS * 

By S. C. SIRKAR. 

{Received for publication, September 1, 1937.) 

PtATE XIII. 

ABSTRACT. It is puinlcd oat that the results o£ investigation of the Raman spectra of 
ammonium halides at different temperatures by Menzies and Mills definitely show that the Raman 
line due to lattice oscillation cannot have any appreciable intensity w’hen the arrangement of the 
cations on opposite sides of an anion is symmetric. The arrangement of the molecules in the 
crystals of naphthalene, f-di chlorobenzene and />-dibromobenzene is discussed and it is shown 
that in these cases and especially in the case of naphthalene there cannot be any asymmetry in 
the arrangement of the two molecules on opposide sides of any particular molecule, and therefore 
the Raman line due to lattice oscillation cannot have any appreciable intensity in these cases. 
The Raman spectra of these crystals arc reproduced to show the lar^e intensities of the new 
lines close to the Rayleigh line relative to those of the other Raman lines. The above facts lead 
to the conclusion that the new Raman lines are due to oscillations in polymerised group as 
suggested previously. 


INTRODUCTION. 

It has been proved by the investigations of Rasetti’ that lattice oscillations 
in ionic crystals of NaCl type can produce small changes in polarisability so that 
the corresponding Raman lines have appreciable intensities. In the case of cal- 
cite and aragonite also, a few moderately intense Raman lines are observed besides 
those due to the “inner” vibrations of the complex anion, and the origin of these 
extra lines have been attributed by Bhagavanlam^ to lattice oscillations. It was 
observed by Gross and Vuks'* that in the spectra of light scattered by some organic 
crystals, viz., naphthalene, diphenyl ether, ^-dichlorobenzene and ^-dibromoben- 
zene, there are a few new Raman lines close to the Rayleigh line and it was sug- 
gested by the said authors that these lines also might be due to lattice oscillations. 
Such new lines have also been observed by the present author"^ in the case of 
many organic compounds in the solid state, having simple molecules, viz., CSa, 
ecu, CHCI3, etc., and for various reasons it has been suggested® that these new 
Raman lines are probably due to oscillations in polymerised groups of molecules. 
It has been pointed out more recently by the present author and Gupta*' that the 

* Read before the Indian Pljysical Society on the a7tli September, 1937. 

z 
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abnormally high intensity of one of these new lines observed in the case of solid 
carbon disulphide precludes the possibility of its origin being in lattice oscilla- 
tions, because a lattice oscillation cannot produce a change in polarisability greater 
than that due to the ‘"breathing’' oscillation of the molecule, and actually it is ob- 
served that the new line at 70 cm“^ is at least three times more intense than the 
line 6550111^* due to the breathing vibration of the carbon disulphide molecule. 

Very recently, Venkateswaran"^ havS remarked in a discussion that lattice os- 
cillations can produce intense Raman lines and he has cited the example of dia- 
mond in supj)ort of liis statement and has also rcTiiarked that the lines close to the 
Kayluiglj line are due to lattice oscillations. 

The oscillation in diajnond lattice, however, is quite different from the lattice 
oscillation mentioned al)ove, beause in the former case each caiboii atom is linked 
to its neighbours by C — C bonds and any oscillation of the lattice entails either 
deformation or contraction of one or other of these bonds, and in the latter case no 
such linkage is takeji into account unless one assumes the existence of polymerised 
grou|;)s in the crystal. \ 

Also, it cannot be proved by citing the example of diamond that lattice oscill- 
ations can produce changes in polarisability much greater than that produced by 
the breathing oscillation of tlie molecule. The arguments put forward by Venka- 
teswaran in snppoi t of the hypothesis that the new lines close to the Rayleigh line 
observed in the case of some organic crystals have their origin in lattice 
oscillatitms are, therefore, not very convincing. 

There is exj^criinental evidence, hov'cver, to show that even in the case of 
an ionic crystal, the Raman line due to lattice oscillation does not possess any 
appreciable intensity unless the arrangement of the ions is vSuchThat during the 
oscilhuion of the lattice there is an asymmetric i*estoring force. It has been 
observed, for instance, by Menzies and Mills^ that a strong new line appears in 
the Raman spectrum of cr3\stcds of ammonium chloride at about — 30*^0,, but no 
such line is observed in the case of NII^iBr. This difference in the behaviour of 
the two crystals has beeu explained by these authors by assuming that the 
arrangement of the NH^ ions on opposite sides of a chlorine ion is asymmetric 
and that on the oi)posite sides of the bromine ion is symmetric. It is the 
purpOvSe of the i)resent paper to discuss particular cases of organic 
crystals of known vStruclure in order to ascertain wliether there may be any 
asymmetric restoring force dining oscillations of the lattice and whether Raman 
lines due to lattice oscillations may have any appreciable intensity in these 
cases. 

REVIEW OF THE RESULTS OBTAINED WITH AMMONIUM 

HALIDES. 

It has already been*jrientionccl, that the Raman spectra of ammonium halides 
'•'we been investigated at different temperatures by Menzies and Mills, flhe 



Intensities of Raman Lines due to Lattice Oscillations 345 

lints observed at the room ttiiiperature are aU due to inner vibrations of the 
group. At the temperature — .^o^C., a new line at i6o cm.”’ appears in the 
case of NH4CI but no such new line is observed in the case of the other two 
halides. The following explanatioji has been offered by these authors regarding 
this peculiar behaviour of the ammonium halides. 

The crystals of JvH^Cl and NH,,lh- possess body-centred cubic lattice at 
ordinary temperatures. The unit cell is shown diagramniatically in figure i. 



The tetrahedron at the centre represents the aniinoiiiurii ion. The cliloriiie ions 
are at tlie corners of the unit cell. In tlie case of NH4CI at — 3o”C., the whole 
lattice is Iniilt up by mere translation along tlie three axes- In such an 
arrangement it can be easily seen that on one side oi a chlorine ion along the 
body diagonal, a face of the tetrahedron is nearer to it while on the other side a 
corner of another tetrahedron is nearer to it. Hence the arrangement is asymmetric 
and the restoring force during lattice oscillation is also asymmetric. There is, 
therefore, a considerable change in the polarisability during lattice oscillation 
and the corresponding Raman line is intense. Above -“28''C., there is rotational 
oscillation of the NH4 ion so that it cannot be distinguished whether there is a 
corner or a face of the tetrahedron opposite to the chlorine ion and therefore, 
the asymmetric restoring force vanishes. Hence the Raman line 160 cur ^ is 
absent at temiieratures above “sSX. 

In the case of NH^Br the lattice is built up inere translations, but 

the tetrahedron is rotated through 90° simultaneously with primitive translation 
along each axis. Taking into consideration the eight cells round a chlorine ion, 
it can be easily seen that in the two cells along a body diagonal the uppermost 
edge of one of the tetrahedra is parallel to the lowermost edge of the other. 
The whole group of eight adjacent cells will possesses the symmetry elements 
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of a cube. With such an arrangement, ou opposite sides of a chlorwc ion, there 
will be either faces or corners of the two tetrahedra, and consequently the restoring 
force will be symmetric. For this reason, no new Raman line is observed in the 
case of NH^Br crystals. It has been j)ointed out by Menzies and Mills that 
other evidences may be adduced in favour of the hypothesis regarding this 
arrangement of the tetrahedra in the crystals of NIF^Br. As for instance, 
Hettich® independently ])ut forward similar h37pctbesis in order to explain the 
results of the study of piezoelectric proi)erties of crystals of Br and NH.iCl. 
Measurement of coefficient of expansion near the transition temperature^^* as well 
as the results of X-ray investigation of the structure of tetramethyl ammonium 
bromide* ^ support tlie abo\e hypothesis. It has, therefore, been shown definitely 
by Menzies and Mills by the investigations mentioned above that the Raman line 
due to lattice oscillation cannot have any appreciable intensity unless the restoring 
force during the oscillation is asymmetric and also the asymmetric arrangement 
of the two cations on apposite sides of each anion is indispensably iieccs^ry for 
the occurrence of such an asymmetric restoring force during lattice oscillations. 
The case of organic crystals of known structure can also be examined from this 
point of view and definite conclusion can be arrived at regarding the intensity 
of Raman lines due to litticc oscillations in these crystals. 

N A T U R E C) r T TI E RESTORING F O R C E D U R T N G 
I. A r 1' ICE OSCILLATION IN SO M E 
ORGANIC C R Y vS T A L S. 

Naphthalene is one of the organic crystals with which strong new Raman 
lines have been observed close to the Rayleigh line. The vStriicture of this crystal 
has Ix^en accurately determined by Banerjee.*' The crystal belongs to the 
space group in the monoclinic piismatic class. There are two molecules in 

the unit cell. The correct orientation of the molecules in the cell are obtained 
by first placing them along the b c plane wnth the length along the c axis and 
then by rotating successively about the h and c axes through 25° and 12^ respec- 
tively, the rotation of the tw^o molecules being in the same direction about the 
b axis and in opposite directions about the c axis. The arrangement of the 
molecules in the unit cell is showm diagrammatically in figure 2. The centres 
of the two molecules may be placed at 000 and ioi. It can he seen that on the 
two sides of the molecules B at there are two molecules A, A which are 
symmetrically situated with respect to the former. Any displacement of former 
molecule with respect to the latter tw^o wnll, therefore, ijroduce a symmetric 
restoring force and consequently, the corresponding Raman line due to lattice 
oscillation cannot have any appreciable intensity. The Raman spectrum of solid 
naphthalene is reproduced in plate XIII to show' that one (71 cm~M of the 
,, lines close to the Rayleigh line is nearly of the same intensity as the line 



SiKIvAK 


PJ.ATK Mil 



Itainaii S])(‘(*ti*a <jf Crystals. 

(a) — DibrnmnljiTizeiie :it 

(b) Naphtljalenu ,, » 



Intensities of Raman Lines due to Lattice Oscillations 34j 

^377 the latter bein^ the most iiitcDse of all the Rainaii lines of naphthalene 

due to intramolecular vibrations (the photographic plate is almost equally sensitive 
in these two regions). Since the Raman line due to lattice oscillation cannot 
have appreciable intensity in the case of napthaleue, as has been explained above, 
the origin of these new lines close to the Rayleigh line cannot be attributed to 
lattice oscillations. 



It is evident from the arguments set forth above that the symmetric disposi- 
tion of the two molecules on opiiosite sides of any molecule in the lattice arises 
out of the symmetry elements of the space group . In othei crystals belong- 
ing to this space group, similar symmetric arrangement is expected. The 
crystals of ^i-dichlorobenzene and ii-dibromobenzene are reported to belong to 
the space group C® by Hendricks.’ “ It has been shown by him that there 

is a centre of symmetry at the centre of each molecule in the unit cell, besides 
at a few other points in the cell. Hence in the case of these two crystals also, no 
asymmetric restoring force can be expected and therefore the Raman lines due 
to lattice oscillations cannot have appreciable intensities. Contrary to these 

expectations, however, actually in the case of solid f,.dibromobenzene a new line 

at 37 cm' ' is observed which is about twice as intense as the most intense 
Raman line of the ^-dibromobenzene molecule, as can be seen from plate XIII. 
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The iiitc'grateci iiUuisity of the baud at 93 cin"^ is also fairly great. In the case 
of /?-clichlorobenzeiie also, some of these new lines are more intense than the 
intense Raman lines due to inlramolecular vibrations. From these results, there- 
fore, it appears that these lines cannot have their origin in lattice oscillations. 

The above considerations, tlierefore, lend support to tlie hypothesis put 
forward in previous papers that the new lines close to the Rayleigh line are due 
to intennolccular oscillations in polymerised groups. 

The author is indebted to Prof. D. M. Bose for his kind interest in the 
work. 

Paux Laboratory or Phxsios, 

tJNIVBRSIXY COUKGB OF SCIHNCE, 

Caicutta 
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THE CALCULATION OF INTERPLANAR SPACINGS OF 
CRYSTAL SYSTEMS BY VECTORS. 

BY SURAIN SINGH SIDHU, M.Sc., Ph D. 

ABSTRACT. Expressions for the calculation of interplauar spncings of crystal systems : 
cubic, simple tetragonal, simple orthorhombic, hexagonal, simple monocliuie, trielinic and 
rliombohedral have been derived by vectors. This treatment is shown to be much briefer and 
simpler than the one given by analytical methods, which are generally employed at present 
for these derivations. 

The method of calculating the interplauar spacings between the successive 
planes in any assuitied crystal structure is based at present on a well-known 
theorem in solid analytic geometry, which gives the perpendicular distance d from 
any point to a plane. The derivations of the expression for d by this method, 
especially for lattices other than cubic, seem to be accompanied by analytical 
complexities. We shall derive these expressions here by vectors, which make the 
derivations much briefer and simpler than the analytical method. 

The perpendicular distance * i between the successive planes of a given 
set may be expressed as a function of the lattice constants bo, and Co, and of 
the Miller indices (hkl) of the set of planes in question as follows. 

Let OX, OY and OZ be the crystal axes: a® be the unit distance along OX, 

b„ along OY and c„ along OZ, and a, b and o be the unit vectors along the 

axes respectively. Let 5 be the unit vector normal to plane [hkl), then, 

a+wj b-t-Mj c (i) 

('na)^*-(n.b)|”=(n. = d ... ( 2 ) 

... (3) 

I. Cubic, simple tetragonal and orthorhombic lattices : 

For these lattices, 

then, i . ■ osab . cao 


and 


a .assb. b»Oj o-j. 


(4) 

tun (5) 
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Substituting for n in equations (2) and (3), the right hand side of equation 

(i), one obtains, 


n « (i.a) ^ = n = n „ (b.o) = d 


_ I 


£0 -=/ 


01 


CL 0 — 


... ( 6 ) 


and (n„)“ + (n^)•'* + (MJ“ = ,l. 

Solving ecjuation (6) 

/irt- h 
ao 


^ o 


( 7 ) 


^d I 
Co 


Substituting the values of iia, and ?i,. in equation (7) we gel 


4“ h^ + ^k^ + §'^ /a = i 


Solving for d or d/, * i . 


***' ~ ^ 


... ( 8 ) 


(a) Fora cubic lattice, a„^b„^Co, therefore 


df,ki~ ./ 




... (9) 


(b) For a simple tetragonal lattice, 4^ c„, therefore 

^0 


dhkl' 


V 


+ J8 

Co 


V 


(.»+i*'+4 • 


... (lo) 
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The ratio of two units of length c./a, is called the "axial fakia.*’ 

(c) For a simple orthorhombic lattice «« 1 6 . t c„ therefore 


d. 


k I - 




^ + fe“+ ^ 

ao Co 

bo 


or 


dh k i — 




fe® + 


a' 


A 

c 


where a„lbo — a, and c„ib„ = c are the axial ratios. 


Ui) 


then 


II. Hexagonal Lattice : ' 

For a hexagonal lattice, ac = bo ^ c„, and o=^a=90*, y"iao*. 


a . b = — * , a . o=b . 0=0 
2 


... (13) 


From equations (i), (2) and (3) subject to the conditions in equation (12) one 
obtains as before, 




(a«)*+(»»)* + (n,)* — tia 
Solving equations (13), (14) and (15) 

», = --i3k + k) 

3 Ao 


• •• (ij) 

• •• (14) 
••• (15) 

(16) 


•s--f(fc+a*) 

3 


Co 


Substituting the values of no> and Ho in equation (x6), we get 

i*!]-^(2fc+fc)"+-r^(fe+aik)^+-T ^(aft+&) (h+ak)Ui. 

I 9«. 9b« c,* 9a«b» j 

a 
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Since, ior the hexagonal system ao = b„ tco, therefore, 

d^4-^“2-)(s^»“ + 8fefe + 5fe®)-~^- 2(ah*+5/ife + 8fc®)+ r=^ 

(^9tte 9«ff Co ) 


or 




Solving for d or d/,* j, we get 


d/,i§= /y, 


/ 


4 (/l2 + /,fe+fe2)+ 


or 


i/ii 


1= V 




4 (fe* + hfe + fe^) + -g 


... (i7) 


III. Simple Monoclinic Lattice': 

For a simple monoclinic lattice, a* 1 6„ ^ c^, 

o=y=go®, and then 


get 


and 


a. 0 =cos /3, a. b =6. 0 =0. 

(18) 

From equations (i), {2) and (3) subject to conditions in 

equation {18), we 

»o?" +»«r- cos /J=d 
h h 

... (19) 

k 

(20) 

n«“Cos^+n,^ =d 

... (21) 

(na)^ + (n6)** + (n J* + 3nane cos j8=i 

... (22) 


Solving equations (19), (30) and (31), 


»»»“ — - cosis) 

sm^ P \ao J 






^ d — — b “*b 

sm? p 


fe i-’)- 
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Substituting the values of na> ni, and in the equation {22), we get 


Solving for dox duki> 





cos 4+ I f 
aoc. ^ VOo/ 


djiici — 



(33) 


IV. 


TiicUnic Lattice : 

For the triclinic lattice, and a + /3 y + 90®, then 

a . b =cos y, a . 0 =cos /J, and b. c =cos 
From equations (1) and (2) we obtain 


— (24) 


War’ + «&( a . b ) ^ + w,. ( a , c ) — d 

h fl h 


rt„(a . b )|!- + ttt . + n. ( b . 0 ) = d 


and 


«a (a.o)-|^-+n,; (b. + 


ik ^o' VI ^ a 


••• (25) 

... (26) 

”• (37) 


Substituting the values of a. b, a. o, and b. o from equation 
(25), {26) and (27), and simplifying, we get 

Ua+nb cosy + n, cos P =~ — b 

fl'O 


(24) in equations 
... (28) 


«a COS y.+n» + n„ cos 



(29) 


Wa COS (3 + rib COS a + nt 



(30) 
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Solving eqiwtiona (28), (29) and (30) Cor na, n* Jaud n, by ttw mathod of 
determinants, we get 


d cos V cos 

«• 


«6 = 


d fe 

T 

cos a 

1 


i—L 

Co 

COS 0 

I 

1 

cos y 

cos ^ 

COS Y 

I 

cos a 

cos /3 

cos a 

I 

I 

dA_ 

ao 

cos jS 

cos 7 


COS a 

cos P 

c 0 

I 

I 

cos y 

cos /? 

cos y 

I 

cos a 

cos jS 

cos a 

I 

I 

cos y 

dA_ 

aa 


COS Y I 

cos cos 0 


fe 

b. 

I 


n.= 


I cos y cos jS 

cos y I cos a 


cos i 9 cos a 


I 
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From equatioQ (3) it follows : 


n.(naa+nftb + neO)«i 

or (n.a)»a + (i.l&)«6 + (n.c)»( = i. ' ... (31) 

From equation (a) erne ol^tains I 

5 . a = d — , n , b = di r-> 5 . c =d — , 

do 


Substituting the values of n . a, n . b, n . 0, tta. and n, as obtained 
above, in equation (31), we get 


d— 

d 0 

COS y 

cos/J 

] 

1 a— 

do 

cos P 


I 

cos y 

dL 

do 

d~ 

b. 

I 

cos a 


cos y d— 

0 i) 

cos 

+ a 

^ 0 

cos y 

I 

4. 

d-L 

c„ 

cos a 

I 


cos /3 d - 

1 C Q 

i 


cos P 

cos a 

Co 


1 cos y cos P 

cos y I cos a 

cos p cos a. I 


••• (32) 


This may be simplified to 
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Solving for d ox d^ui^ 


cos y cos p 


I— |fe X cos a + fe cos y k cos a I + ^|C0S V I k 


— cos a I 
c 


cos p cos a 


I X cos y cos P 

cos y 7 cos a I 

cos cos a I \ 

(i) For the rhonibohedral lattice, ao-ho^Co, and a = ^=7tQo°. ^^ 

a . b=a . o=b , o=cos a. 

When these values are substituted in question (.^ 2 ), it becoinevS 

h cos a cos a ^ h COS a | | 1 COS a h 

ife k I COS (1 -f f — ■ I fe , cos a k COS a ! + ( — | / | COS COS a 

I XCLo \ i \fln / 1 


/ cos a- I I 


_■ COS a I __ I I 

cos a COS a 


COS a j I 


cos a I 
COS Cl cos a 


Solving for dor dhki. 


Ji cos a C05 a 


t COS a 1 


! ■ •! 

•f k 

cos a h cos a 

1 k cos a 

cos o e I 

1 

' j 

J 


I COS o COS a 

COS a I cot a 

cos a COS a 2 


I COS a cos a h 
I / COS o k 

I - 

1 COS a I I 
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3i7 


a. '/i+acos*o-3cos*a 

>= V (h“ + fe’ 4 J*) sm’o + 2{hk + hi + kl) (cos’o - cos 
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Formulas for the calculation of interplanar spacings of crystal systems are 
derived by a vector method, which is much briefer and simpler to use than the 
analytical method. The results are summarized in table I : 

Tabi.e I. 


Ivattice. 

Characteristic. 

No. of equation 
giving value 



for dkiti. 

I. RecUngular 

a s* /5 = 7 90® 

1 


a« Cubic 


(9) 

5. Simple tetragonal 

Cto C„ 

(10) 

c. Simple orthorhombic 

do ^ ^ ^0 

(n) 

n. Hexagonal 

hg ^ Co 



0 = S - 90*, 7 =• ho" 

( 17 ) 

m. Simple monoclinic 

*0 ^ 1*0 



0 = 7“ 90“, fl ^ 90" 

(as) 

IV. Triclinic 

Oo ^ i>o ^ C« 



« + ^ + 7 90” 

(S3) 

V. Rbombohedral 

Oo =» bo “ 



0 = S = 7 ^ 90" 

(3S) 


My thanks are due to Dr. D. R. Inglis and Professor A. G. .Worthing for 
helpful discussions. 
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Obituary Notice* 

SIR J. C, BOSE 

By the death of Sir Jagadish Chandra Bose, F.R.S,, D.Sc,, at 

Giridih on Tuesday, the 23rd of November, 1937 at the age of 79, the scientific 
world has lost a research worker and an original investigator of a very high order. 
After graduating at St. Xavier’s College, Calcutta, he went over to England 
for higher studies, and joined the University College, London, where he studied 
Botany as his special subject. He also studied Physics under Lord Rayleigh 
at Cambridge. He came back to India in 1884 and was appointed as Professor 
of Physics, Presidency College, Calcutta from which he retired in 1915 as 
Emeritus Professor. Many universities in Great Britain and India recognised 
his scientific abilities and paid him academic honours. He was awarded 
the C.LE. and C.S I. and in 1917 received Knighthood. 

He was a delegate to the International Scientific Congress held in 1900 
and also the scientific member of deputation to Europe and America in 1907, 
1914 and 1919. 

He published numerous papers among which a few can be mentioned 
below : — 

(i) Index of Refraction of Glass for the Electric Ray. (Proc. Roy. vSoc., 

1897.) 

(3) On the Influence of Thickness of Air .Space on Total Refraction of 

Electric Radiation. (Proc. Roy. Soc., 1897-) 

(3) On the Selective Conductivity b'xhibited by certain Polarising Substances. 

(Proc. Roy. Soc , 1897.) 

(4) The Production of a Dark Cross in the Field of Electromagnetic Radia* 

tion. (Proc. Roy. Soc., 1898.) 

(5) On the Electric Touch and the Molecular Change produced in Matter 

by Electric Waves. (Proc. Roy. Soc., 1900.) 

(6) On the Similarity between Radiation and Mechanical Strain. (Proc. Roy. 

Soc., 1901.) 

(7) On the Strain Theory of Photographic Action. (Proc. Roy. Sftc., 1901.) 

(8) On the Change of Conductivity of Metallic Particles under Cyclic 

Electromotive Variation. (Brit. Assoc. Glasgow, 1901.) 

(9) Electromotive Wave accompanying Mechanical Disturbance in Metals 

in Contact with Electrolyte. (Proc. Roy. Soc., 1902.) 

(10) On the Continuity of Effect of Light and Electric 'Radiation on 

Matter. 



OhUaary NoHocb 


m 

Besides, he was the author of a large number of papers on Plant Physiology. 
A connected account of his investigation in this domain is to be found in his books, 
Response in the Living and the* Noir'Uving published as early as 1902, as 
well as in Plant Response, Electro-Physiology of Plants, Irritability of Plants ; 
Life Movements in Plants, Vols- I and II ; Life Movements in Plants, Vols. Ill 
and IV ; the Ascent of Sap, the Ph 1 ^ 1 dtegy"of ’ PtftftP-'Synthesis ; Nervous Mecha- 
nism of Plants ; Motor Mechanism of Plants ; Plant Autographs and their Reve- 
latloWft'; Tropic Mdvetfietit ■and’Cti‘owth''6f ‘Plants. 

After his retirement from tlie Government service he founded the Bose 
Research Institute in 1917 and was the Rounder Director all the time. 


PPiOF. LALJI SRIVASTAVA. 

We extremely regret to record the death of Prof. Lalji Srivastava. 
a member of 'the Indian Association for the Cultivation of Science and a 
of the A jmere College; Ka^utana' 


\ 

He was 
Professor 
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A METHOD OF MEASURING MINUTE RADIO-FREQUENCY 
ALTERNATING CURRENT AND ITS APPLICATION 
TO THE ABSOLUTE MEASUREMENT OF FIELD- 
STRENGTHS OF WEAK RADIO SIGNALS * 

By ALl IMAM, M.Sc., SUKHAMAYA GANGOPADHYAYA, M.Sc., 

AND 

S. R. KHASTGIR, D.Sc., 

Dacca University. 

(Received for pnhlicatmi, November S, 19^57.) 

ABSTRACT. Martyn’.s method has been adopted in a modified form to mcafure radio- 
frequency alternating current.s of the order of io‘* ampere. The method has been applied to 
the absolute determinations of the field-.strcngths of weak signals. The details of the method 
and of its application arc given in the paper. 

The day value at Dacca of the field-strength of the V. U. C. station (Calcutta) has been 
determined. From a knowledge of the metre-amperage of the station, the Anstin-Coheu 
coefficient has been calculated. 

The field-strengths of the night signals from the same station and also from the V. U. D. 
(Delhi) station have also been determined. 


A. Measurement of minute radio-frequency alternating current. 

INTRODUCTION. 

The thermionic valve has been used directly as a means of current measure- 
ment in a manner comparable to that employed in the measurement of voltages 
by the Moullin thermionic voltmeter. If we pass the current to be measured 
through the filament of a diode valve and note the plate current which is caused 
to flow, it is possible to deduce the value of the heating current in the filament 
■from the characteristics of the valve- But in this case it is evident that readings 
can only be obtained with comparatively large currents which can be more 
conveniently measured by other methods. It was J. H. Turnbull ' who adopted 
this method by simply superpoising the small alternating current to be 
measured on to a steady direct heating current supplied by an accumulator. 
Tunibull’s method is not however suitable for the measurement of very small 
alternating currents. 


Comnmnicated by the Indian Physical Society. 
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D. F. Marlyn ^ modified the method and made it very sensitive by using 
alternating current for the supply of the main heating c urrent of the filament. 
If the frequency of the current be exactly the same as the frequency of the 
current to be measured, then the effects of the main current and the superimposed 
small current is additive when they are in the same phase and it is then {ioSsible 
to evaluate the current to be measured from the valve characteristic, 

A similar but a simpler procedure has been adopted in this investigation for 
the measurement of small alternating currents. We shall describe now' the 
details of our experimental procedure- 


It X P K R T M E N T A L PROCEDURE. 

(a) Arrangements for measuring an extremely small alternating current. 




Figure t. 

TThe arrangement of the apparatus is shown iii figure r . A is a screened 
Hartley oscillator capable of supplying enough current to feed the filament 
current of the valve in the circuit B through mutual induction. The filament of 
the valve has been joined in series with two suitable coils X and Y, a suitable 
variable condenser C, and an A.C. milli-auuneter (reading only up to a minimum 
of 5 ni.a.). The circuit has also a suitable small resistance r in series, and a 
’ vacuum thermal junction T has been connected across this small resistance. 
The inductance coil in the Hartley circuit has been loosely coupled to the coil X 
and the induced current in its circuit is indicated by the A. C. milli-ammeter and 
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also by a sensitive mirror galvanometer Gi cotiiiected to the vacuum junction. 
The resistance r has been chosen in such a way that only a very small fraction 
of the current well within the maximum allowable current passes through the 
heating coil of the vacuum junction. This circuit is then accurately tuned to 
the frequency of the oscillator A by noting the maximum deflection in the 
galvanometer O j . The valve used in the circuit B is a screen-grid valve. A 
.suitable voltage has l)een given to the plate and the screen-grid which have been 
connected together. Since our object has been to measure a change of the order 
of microamperes in the plate current which amounts to several .milliamperes, 
a balancing device has been e«t)ployed. 

(bj The balanced salvanomeier Gq. 

A variable resistance R of .several hundred ohms has been placed in series 
with the plate battery. Shunted across this high resistance has been placed a 
two- volt accumulator in series with a mirror galvanometer G2. The value of 
this variable resi-stance R is adjusted to give zero reading on the galvanometer Gg. 
If T„ be the resistance of this galvanometer, then a change of plate current of 
amount ip results in a change of current througli the galvanometer of amount 

^ . Since R is large compared with r„, ig—ip, i.e., the full 

R -I- rg 

change of plate current is mea.sured by the galvanometer Gg. A very minute 
alternating current can be induced through the coil Y which is loosely coupled 
to the inductance coil of another Hartley oscillator D. The oscillator J) and 
the coil Y have been enclosed in a well-shielded wooden box. The oscillator D 
is adjusted to have exactly the same frequency as that of the oscillator A. By 
adjusting the distance of the coil Y from the o.scillator D an extremely small 
current produced by mutual induction is supei posed on to the large current 
flowing through the .same circuit giving no indication in the A. C. milli-ammeter, 
but i)roducing a small deflection in the galvanometer Gi connected to the 
vacuum junction. The galvanometer G2 "hich has previously been set to zero 
or thereabout by adjusting the variable resistance R then produces a large 
deflection. The change in this deflection which is due to the superposition of a 
minute alternating cuiTent to the tuned circuit is then noted. 

(c) Calibration of the galvanometer Gq. 

The original current through this tuned circuit has been such that 
for the valve in the, circuit B a change in the filament current 
produces a proportionate change in the plate current. With the particular 
valve the characteristic curve showing plate current against the filament current 
for a fixed plate voltage (100 V) has been drawn and it is found that over a range 
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the curve is a straight line. By varying the tilt of the coil X which is near the 
inductance loop of the oscillator A, the current through the filament is adjusted 
to have a definite value within this range (62‘g ni.a. corresponding to 30 scale 
divi.sions of the milli-ammeter). The position of the spot of light corresponding 
to the deflected position of the galvanometer connected to the thermo-junction 
is then noted. The 02-galvanometer circuit is however kept disconnected. On 
increasing the filament current to 68'om.a. (corresponding to 35 scale divisions 
of the milli-ammeter) the spot of light corresponding to the deflection of the 
galvanometer O ] is again noted . Thus corresponding to an increase of current 
5‘i m.a. the change in the deflection of the galvanometer connected to the thermo- 
junction is determined. Next after connecting the galvanometer Gg and making 
the balancing arrangements, the filament current is increased froTU fia'g m.a. by 
a suitable amount as indicated by the change in the deflection of the galvanometer 
connected to the thermo-junction so as to give an almost full-scale diflection in 
the balanced galvanometer G2. Since the alternating current in mi^liamperes 
through the thermo-junction has been found for this range to be\ propor- 
tional to the deflection in the galvanometer connected to the thermo-junction, 
the current for the full-scale deflection in the balanced galvanometer can then 
be estimated. The galvanometer G2 is thus calibrated. 

This will be made clear from an actual set of readings : 

A change from 30 to 35 scale divisions in the milli-ammeter produced a change 
in the deflection of the galvanometer Gi connected to the thermo-junction equal 
to 50 scale divisions. 

Thus 50 scale divisions of the galvanometer Gj —51 m.a. 

Again it was found that corresponding to a change of 6*5 scale divisions of 
the galvanometer (r | the change in the deflection of the galvanometer G2 amount- 
ed to i)00 divisions. 

Therefore 1 scale division of the galvanometer 02- 


^ io“'^ anip.=i'66 x 10“** amp. 

50>;400 ^ 


Now when a small alternating current is induced into the circuit by switching 
on the oscillator D, the observed change in the deflection of the galvanometer G* 
which would be proportional to the amplitude of the current can then be 
evaluated. 

It has thus beeh possible to accurately measure by this method radio- 
fr^ency alternating currents of the order of io~® amperes. 
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B. Absolute measurements of field-siren^ihs of weak radio-signals. 

INTRODUCTION. 

We have applied this method of measuring minute alternating current to the 
absolute measurements of field-strengths of weak radio signals. Having measured 
small alternating currents passing through a small known impedance it has been 
possible to impress extremely small known voltages across the input terminals of 
a receiving set. The receiving set is thus calibrated and the field-strengths during 
the day and the night of the V. U. C. (Calcutta) station of the Indian State 
Broadcasting Service estimated. The night-field-strengths of the V. U, D. (Delhi) 
station have also been determined. 

method of recording changes in the galvano- 
meter deflection due to 'I' h e signals. 



Figure 2. 

A two-valve receiving set has been employed— the diagram of which is grven 
in figure a. A Mazda (A.C.S.O) valve has been used for the H. F. amplification. 
The filament has been indirectly heated by D. C. from a storage battery. The 
tuned anode circuit of the H. F. valve has been followed by a leaky grid detector 
(A. C. Sa valve fed by D. C.). A potentiometer circuit has been built up to 
balance the no-signal anode current of the detector valve. A separate H. T. 
battery has been employed for the detector stage. A mirror galvanometer Or 
has been used in the balancing arrangement. Lamp and scale arrangements 
have been used for taking galvanometer readings 
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A triangular frame aerial with a shielded tuning condenser across it has 
l^en used with the receiving set. "riic aerial has been permanently fixed in a 
vertical plane pointing towards the direction of the V. V, C. station. 

With the aerial on, the receiver is tuned to the modulated waves from the 
V. C, station with the help of the pair of telephones. The galvanometer 
is then connected and the plate current of the detecting valve is balanced with 
the aerial off- The changes in the galvanometer deflection arc then recorded 
with the aerial switched on. The zero reading of the scale has been checked 
every time for eacli observation. The checking has been very conveniently done 
by short-circuiting the tuning condenser in the receiving set. In fact it has been 
found very convenient to keep the aerial connected to the input terminals of the 
receiver and to take readings with the switch short-circuiting the tuning condeusor 
on and off. 


C A L I B K A 'I' I () N OF T H K R K C K I V 1 N.G S IC T. \ 



l‘'lc:uRK 3- 

Previous to the recording of the changes in the galvanometer deflections due 
to radio signals or subsequently the receiving set has been calibrated. Small 
known voltages have been a])plied to the input terminals of the receiver and the 
corresponding changes in tlie galvanometer deflection noted. 

For the calibration work a Hull cylinder has been placed in series with the 
filament of the valve in the circuit B, a suitable variable condenser C the coils 
X and Y, the A. C. milli-ammeter and a small resistance r across the terminals of 
which is inserted a vaccum junction (See fig, 3.). It consists of a copper rod 
(■56 cm. in diameter) surrounded by a concentric brass cylinder (internal diameter 
3.H cm.). One entj of the cylinder is open while the other end is closed 
by a brass disc sweating into the cylinder. The copper rod is also 
uxed at that end. Two copper wires have been soldered to the middle of 
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the copper rod at a distance of 9 cm. from each other and led out through 
small holes in the outer cylinder. The Hull-cylinder has been enclosed 
inside a metal box which is put to earth. When a small alternating current is 
induced into the tuned Hull cylinder circuit by switching on the oscillator D, 
the potential drop between the two points on the rod from which the two wires 
are led out is equal to (I^. vv. i 1) where w is the angular frequency of the alter- 
nating current i, L is the inductance pei cm. and 1 the distance between the 
tapping points. The value of L is given by 

h —loge ^^0 per cm. 

r 

= ’0046 loRio- per cm. 
r 

where r and R are the outer radius of the rod and the inner radius of the 
cylinder respectively. This inductive potential drop producing a certain change 
in the dellectioii of the receiving set galvanometer can be calculated if the current 
is known. 

We have already described how this small current is to be measured. The va- 
lue of this current i as estimated from the change in the deflection of the previously 
calibrated galvanometer G2, requires however a correction. In the experiment 
where the additional small current flowing through the circuit (including the 
filament) is estimated from the change in the deflection of the galvanometer G*, 
a large current (about 63 m.a.) flows through the circuit, whereas in the experi- 
ment where the change in the deflection of the receiving set galvanometer (Ge) 
due to a small potential difference developed between the tapping points 011 the 
Hull cylinder is noted, only a very minute alternating current passes through the 
same circuit. The H. F. resistance of the filament in the former case is much 
greater than that in the latter. 

If Ro is the H. F. resistance of the entire circuit when a large current of. 
62’9 111. a. is passing through it and R the corresponding value when an extremely 
small current flows through the circuit, the correct value of the small current 
will be Ro/R times the '* apparent *’ value of the current as estimated from the 
change in the deflection of the galvanometer G«. Now Ro can be easily deter- 
mined. For the measurement of R, a calibration curve has been first drawn 
showing the changes in the dellection of the balanced galvanometer in the 
receiver due to different (uncorrected) voltages produced by passing known values 
of the uncorrected current through the circuit containing the Hull cylinder when 
the tapping points from the latter are connected to the input terminals of the 
receiver. Next a change in the deflection of the galvanometer Gb exactly 
equal to that due to the signal voltage is produced by passing a suiUblc small 
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current through the same tuned circuit. The circuit is then distuned by varying 
the condenser and a curve obtained giving the changes in the deflection of the 
galvanometer flu for the different capacity-values of the condcusei-. Making 
use of the previously drawn calibration curve a resonance curve is drawn shou’ing 
the uucorrected current in the Hull cylinder circuit producing voltages which 
are applied to the input terminals of the receiving set for the different values of 
the condenser. As explained below the H. F. resistance of the circuit is deter- 
mined from this uncorrected rosonance curve. 

In constructing the resonance curve when the circuit is distuned, different 
values of the current have actually passed through the circuit containing the fila- 
ment and therefore the values of the H. F. resistance of the circuit are not the 
same for all the currents- We can however assume without any serious error 
that the H. F. resistance is practically the same for the resonance current i and 
the distuned current V which has been usually ^^o^i. The correct values of 
these currents within this limited range (i to 7071) can therefore be takki propor- 
tional to their apparent values which have already been estimated with tllie help of 
the calibrated galvanometer Thus the ratio of the resonance current to the dis- 
tuned current remains the same whether the values of the currents are coitected or 
not. Thus having obtained the value of K of the circuit carrying a current which 
causes the same deflection in the receiving set as the signal voltage and also the 
value of Ro of the same circuit carrying the large current, the correct signal vol- 
tage can be estimated. 

The field-strength is then obtained from 

E— ^ ^ volts/inetre, where 

N^no. of turns of wire in the loop aerial 

A = area of the loop in sq. cm. 

R=total radio-frequeucy loss^resistaiice of the loop in ohms. 

L = Inductance of the loop in henrys. 

and / - frequency of the waves in cycles per second. 

In our experiments h = 32-6MH 

R=55’75 ohms. 

N = 2 

A=5’6o 4 X 10^ sq. cm. 
and /= '809 X 10” cycles/scc. 
so that K= i’77 X V volts/metre 
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MEASURBMENTS OF THE FIELD-STRENGTH OF THE 
D A Y-S I G N A I, FROM THE V. U. C. STATION OF THE 
INDIAN STATE BROADCASTING CO. 

Continuous observations of the galvanometer defleclioii have been taken every 
i min. during the day when the Calcutta signal is on. All motors and generators, 
etc., in the laboratory have been stopiJcd during the lime of the observations. 
We give below the successive values of the changes in the galvanometer deflections 
recorded on 28-3-37. 

Dacca time : Changes of galvanometer deflections. 

TO A.M. 12. 9, 10, X, 10, T3, 13, 16, 12, 15, 10. 13, 13, 14, 10, 13, II. 

T3- 17, 8, 15, 5, 12, T3, 14, 12, TO, i2'5 9'5, 9, 15 5 scale 
divisions. 

Mean ; 12 ‘27 scale divisions. 

T0.32 A.M. ... IT, 15, II, 15, 10, 9, 12, I5’5> lo’s, 9*5, II, 12, 12, 16, 9, 

14*5, 13. 10, II, IT, 14, 15, io’5, 10, 14, ii‘5, i/i, 12-5, 12, 
10*5, i3‘5i vseale divisions. 

Mean : 12*15 scale divisions. 

TT-20 A.M. ... 9, 10, TO, 14, TI, 15, 8, 14, X, 15, t6, II, 12, 10* 5, 10, 12*5, 

16, 12, 17, I7’5, 14, 10, 13^ TO, X, 12, II, TO, 14*5, 16*5, 
scale divisions., 

Mean ; 12’ 51 scale divisions. 

11-40 A.M. ... ii'5, io‘5, 13, ii> T4‘5i 12, 14, I5'5, 17. 12*5, T7. 9, 10, 14, 
I4'5. i7i 9i i4» iOi 16, 14. 10, 16, TI, 18, 16, 15, 16, 
scale divisions. 

Mean : 13*57 scale divisions. 

11-55 A.M. ... i7'5, i3> i3’5, 14, 18, 20, 14, 20, 20, 20. 17, 20*5, 17, 13*5, 

12, 17, i 8'5, 15. 19*5, 14, 17, 14, 18, 9, t6, 13, 

14, 15, 16, scale divisions. 

Mean : 15 ’93 scale divisions. 

The average of these mean values = 13*28 scale divisions. 

The calibration curve showing the changes in the deflection of the receiving 
set galvanometer for difl'erent uiicoiTccted applied voltages is shown in figure 4. 
The data for the calibration curve are given in table I . 

The applied uncorrected voltage is given by (ly.w.l) x i 

In our experiments L = Inductance per cm. between the tapping points on 
the Hull cylinder 

= ’0031 /iH 
I = 9 cm. 

^ TV = 2ff/ = 27r X *809 X 10® = ’509 ^ 1^0^ 

1 Hence the, applied uncorrected voltage =/ x 14*19 x 10*^ where 

2=14*19X10“* 


2 
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It can be seen from the calibration curve in figure 4 that a deflection of is'aS 
divs. in the galvanometer Gr is due to an uncorrected voltage of (3’6 x lo"" x Z) 
volts. 

The correct signal voltage is obtained by 'multiplying this by ^ . 

R 


Tarle I 

I div. of thogaluanomeiter G9 .Pio'j7Xiq"“ amp. 


Dcflectfion 
of Gj 

UnqcamdQd .yolti^r 
i Z X ID~® volt 

Deflection of Gr 

3 

3o:5*j<Z'H 


.S 

50*84 „ 

17 

7 

71-2 M 

25 

12 

122*02 ,, 

4A 


The H. F. resistance of the entire circuit carrying 62 9 m.a. .of'>cwwrtfptRft<f 

95*34 ohms. 

The H. h. resistance R of the same circuit carrying a current in the circuit 
and, producing the same galvanometer deflection in Gr as- that due to the signal 
''Oltage has been determined. The* data for the resonance -curve • froirnwhich 
R is determined are given in table>IX and figure 5. 
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Figurb 5- 
Table II 


Condenser 

reading. 

deflection of 0 r . 

Uncorrected current x Z k lo"® 
(from calibration curve) . 

30 

5 

I/^ X Z X io"8 

50 

9 

25 »i 

70 

13 

36 .. 

80 

II 

30 » 

90 

lO 

aS „ 

no 

6 

16 „ 

Here 

Ca s 95 divs. = ’0004O95 '/iF 

C* — 47 divs. " ‘000316 fiF 

Cr = '0003975 /xF, m = ^ 

.L, = Inductance of the circuit = 

113*7 


A = 370‘4 metres. 



L."’. 3 X 10^ ® ( Ca Y ,3 ,,T 7 .?nR ohms. 

1 

* k 

0 



■’Hence the signal voltage = ^ 3*6 x lo 

= 20*14 X 10““ X Z volts. 
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The average value of the day field-strength on 28"3-37 is 1*77 x 20’ 14 x jo ** x 
^4T9 Xto"'" = 50*6 /xV/nietrc. 

I'he values of the day field-stveiigth on two other days are entered 


below ; 



Day. 

Timt'. 

Eiuhl strnigth. 

i/l\V37 

ij -54 a.ni. 

/)9'o /uV/in 

21-3*37 

11 ' a.iii. 

57 '7 MV/m 


N.B> The antenna efleet has not been considered in these measurements. 
The aerial has been inside a room under iron beams. The measurements of field- 
strengths are subject to these limitations. 

CAbCULATTON O !• THE A TJ S T 1 N - C O J1 Iv N | 

C O E E E 1 C T E N T : 

I'he A.ustin-Cohen formula is 

’377 h I a? . li ; . 

Ey= ~ \ . -r==^ inuTo-volts/meter. 

A e\/ A 

(lengths are measured in km. and current in ainpcrCvS.) 

For the V, U. C. vStation, the waveleugtli A = 37f)-4 m., the cflcctivc height 
of the aerial h—23 metres and the aerial current I—ig amperes and r— distance 
between Dacca and Calcutta = 240 km. 

* 

Taking the day value of the licld-strengtli K to be 49 //F /meter, the Austin* 
Cohen coefficient « = '0092 

If we take — 577 a — -uOcStS. 


E 1 b 1) ' S T n E N ( ; T TT vS () V T T1 H N \ i) H T - S 1 N A b S. 

The values of night signals are on the average considerably higher than 
those of the day-signals. The difficulty iji the correct evaluation of the field- 
strength of the night signal is the constant fading at night. Continuous observa- 
tions for about 15 min. have been taken every half minute, of the changes of 
the galvanometer deTection at different times of the early part of night (from 
7 to 10-30 E. MJ. The mean value of each set of observations has been found 
to be different at different times. Previous to recording the changes in the 
galvanometer deflections or subsequently a curve has been constructed showing 
changes in the galvanometer deflections Ok for different apparent values of the 
voltages ai)plied to the inpEt of the receiver. The range of the curve has been 
to cover all the changes of galvanometer deflections due to varying 
"ignal intensities. ,, . ^ ^ 
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The apparent value of the voltage corresponding to a change in the galvano- 
meter deflection equal to the average of a set of observed changes of deflection 
due to the signal is then found from the calibration curve. The correct value 
of the signal voltage has been determined as follows : The values of 
the H, F. resistance of the Hull cylinder circuit are measured for the different 
uncorrected currents which develop voltage differences within the appropriate 
range between the tapping points on the Hull cylinder. A curve is next drawn 
showing the values of the H. F. resistance of the circuit for the different values 
of the uncorrected current. From this curve the H. F. resistance R of the 
circuit corresponding to each current producing galvanometer deflection equal 
to the average of each set of observed changes of deflection due to the signal 
has been obtained. Thus knowing the H. F. resistance Rq of the circuit 
carrying’ the larger current, the correct value of current flowing through the 
circuit and producing a galvanometer deflection in the receiving set equal to 
the average deflection due to the signal has been estimated from the relation : 

Correct current = x appai'ent current. 

R 

By multiplying this correct value of the current by the impedance between 
the tapping points on the Hull cylinder the correct value of the signal voltage 
has been obtained. 

We shall record below a set of night observations on 28. 3. 37. The day 
observations of this date have already been entered. 


Dacca time. 


Changes in galvanometer deflections. 


7 P. M. 


7-30 P. M. 


8-8 P. M. 


8-45 P- M. 


73. 27, o, 2, 8-5, 15, 9, 28, 40, 32, 29, 27, 
20, 24, 22, 25, 30, 37. 54. 53. 48, 48, 37. 3i. 
20, X, 7, 15, 9, 8, 5. scale divs. 

Mean : 26'65 scale divs. 

10, 32, 24, 35, X, 7, 8, 19, 8. o, 10, 27, 8, 4. 

9, 44, 74, 30, 25, 19-5, 30. 24, 5, 28, scale divs. 

Mean : 21-4 scale divs. 

40, 98, 105, 30, o, i4'5. 14. 22. 37. II. 17. 
20, o, 52, 79. 86, 35, 28, 68. 54, 3, 23-5, 41, 

; ' scale divs. 

‘ Mean : 38-5 scale divs. 

10, 20, o, 6-5. 13, 70, X. IS5, 117, 113, 56, 
45, I, 10, 2, 8-5, 5, 55, 35, 23, X, 7‘5, I, 23. 

scale divs. 
Mean : 33 scale divs. 
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9-45 P. M. 21, 9, i8-5, 40, 45, 29, 75, 54, no. 23, 7, 26, 

5, 28, I, 35, 33, 28, 16, 90, 60, 21, o, 75, 128, 
26, 15; 20, scale divs. 

Mean: 23-05 scale divs. 

The values of the field-slrength.s calculated are given in table III. 




Tabi,K III. 



Mean galv. 

Mean signal voltage (volt) 

Mean time 

deflection 

(i X Z) 



Z — I4‘J9 X 10^2 


Mean field- 
strength 
/uF/ metre 


7-7i P- M. 

26-65 

2876 X TO’S X z 

72-19 

7—36 P, M. 

21‘4 

i 24-41 I, » 

61-28 

8-14 P. M. 

38-5 

36-69 X „ „ 

92-17 

8-51 P. M, "" 

33 

33-83 X „ „ 

84-98 

P. M. 

23'05 

25-69 X „ „ 

64-54 
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The calibratiou curve showing the changes in the galvanometer deflection 
for different uncorrected voltages is the same as that constructed for the deter- 
mination of the day field-strength. (See fig. 4.) 

The field-strengths of the night signals from Calcutta on another date 
(ii. 3. 37.) are given in table IV. 


Table IV. 


Mean time 

Mean 

deflection 

Mean signal voltage (volt) 

Z — 14-19 X 10“* 

Mean field- 
strength 
)u r/ metre 

7 - 37 J P. M. 

2T-3 

4-1 X 10“^ X 14-19 X io"2 

103 

8-7i P. M. 

507 

9*35 i» .« >» 

234 

8-37JP. M. 

927 

5 ** i> M 

.389M 

9 - 37 iP- M. 

157 

3*2 n »> If 

80-4 

10 — 7I P. M. 

107 

2 '3 I* i» If 

57 *fi 


These results are shown in figure 6. 

The field-strengths of the night signals from V. U. D. (Delhi) station 
(A = 34013 in) received at Dacca have also been measured. The values are 
given in table V. 

Table V. 

Date. 19th March, 1937. 


The plane of the loop aerial makes an angle of 5 7“ -8 with the Delhi-Dacca 
direction. E = I’gdV volts/ w. Z = is’43 x 10'* 


Time 

Mean Galv** 
divisions 

Mean signal 
voltage along 
loop plane 

Field-strength 
along 
loop plane 

Field-strength 

(mean) 

1 

7-42 P. M. 

12-47 

[ 1-894 xio'txZ 

57-38MP/W 

107-5 /*P/»w 

8-24 P. M. 

19-06 

2 '261 X io"< X Z 

68-48/uF/m 

128-5 /“F/w 


Our thanks are due to the Head of the Department of Physics for all the 
facilities given during the cour.se of the work. 


Phy.sics Dkpartmbnt, 
Dacca University. 
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* Turnbull, J. IT., Q.S.T., Jan., 1925 ; vide Wireless Englneet and Experlmentnl Wireless, 
p. 316 (1925). 

• Martyn, D. F. Proc. Roy. Soc., Edin.. 1930- 
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Plate XIV. 

ABSTRACT. The hyper-fine structures in the majority of the stronger lines of the first 
spark spectrum of arsenic in the visible region have been measured and analysed. I'he source 
used was a hollow-cathode discharge tube containing arsenic in which helium was continuously 
made to circulate at a low pressure. The structures have been measured by means of a (luartz 
Lummer plate in conjunction with a Ililger’s glas.s spectrograph. The analysis has definitely 
shown that the nuclear spin of arsenic is 3/2. 

The terms investigated are those belonging to 45^ 4p.ss. and the 4i2.4p.5p. electron con- 
figurations found in most of the lines in the visible region. Fine structure interval factors 
have been calculated for 14 terms belonging to the above electron configurations. In addition, 
the structures of tlie terms sp^^D^ and ip^^Pj have been determined. The stnictiircs of the 
terms 4d.'Pi, 4ii.V)i, and have also been estimated 

The fine structure analysis also confirms the gross structure analysis. 


FINE STRUCTURE OF THE FIRST SPARK SPECTRUM 
OF ARSENIC IN THE VISIBLE REGION. 

INTRODUCTION. 

In a recent communication' the hyper-fine structure of a few lines in the 
first .spark spectrum of arsenic has been discussed, and it has been shown that 
the nuclear spin of arsenic is 3/2, as previously proposed by S. Tolansky.^ He 
had studied the visible region of the As II. lines using a silvered P'ebry-Perot 
interferometer. The source used by him was a simple quartz tleissler tube with 
thick iron rods as electrodes. The tops of the electrodes were covered with 
powdered arsenic and pure helium was circulated continuously through the tube 
at a low pressure. The tube was excited by means of a transformer and the 
observations were made end on. He measured the fine structures of the strong 
visible lines of As II. and showed that the structures could be explained by taking 
the nuclear spin of arsenic as 3/2. This region has also been investigated by 
A. S. Rao'' by using a quartz Lummer plate. But some of his results arc so 
widely divergent from that of Tolausky that it was considered worth while to 
re-investigate the entire glass region from A 7000-4300^^. 
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The efficiency of a hollow-cathode discharge tube as a source for studying 
the fine structures of lines being well known it was decided on the present 
occasion to produce the As 11 . spectrum in a slightly modified form of Schiller’s 
water-cooled hollow cathode discharge lube. The details of this arrangement, 
which gave excellent results are given later. In this investigation in all about 
20 As II. lines have been examined for fine structure, and the analysis has been 
made by the usual constant frequency difference method in the case of well 
resolved lines showing simple structures. Some of the lines have been found to 
be complex and incompletely resolved. The Fisher-Goudsniif* graphical method 
of analysis has been employed in the analysis of such lines. In the analysis of 
lines with complex structures this method has been found to be extremely useful 
and therefore a brief description of this method is also given later. The gross- 
structure multiplet analysis of As II. lines have been made by A. Si. Rao® and 
his line classifications have been employed here. The terms investigated are 
those belonging to ^s^.^p.ss and the 4.9“. 4^?. 5^ electron contigurationE found in 
most of the lines in the visible region. The structures of the terms jireviously 
obtained by S. Tolansky (/oc. cii,) and A. S. Rao (ioc. cit.) from lilies in the 
visible region have been re-dctcmiined. They have also been checked from 
quite independent data obtained from the investigation of the As II. lines made 
by the author in the ultra-violet region. Fine structure interval factors of all 
these terms have also been calculated. The fine structures of a number of terms 
have also been checked wherever they were found involved in two or more line 
transitions the structures of which were known or previously determined. ^ 

APPARATUS. 

For hyper-fine structure work it is important that the source of light should 
be free from the causes that produce broadening of the spectral lines. The usual 
sources such as the flame, arc, spark or a Geissler tube, all suffer from the 
defects that they are not free from the Stark and Doppler broadening effects and 
hence they are not suitable for work of this nature. The experimental use of 
the hollow cathode source is well known and has been almost commonly used 
for this kind of work in recent years. Paschen” had shown that the source could 
be adapted also for metals of low melting points or those which, like arsenic, 
vaporise quickly. In such a case he found that the metal in question could be 
placed in a carbon or tungsten hollow cathode. In the present investigation an 
iron hollow cathode tube of the form designed by Paschen^ and modified by 
Schiiler, about 7 cm. long and i cm. in internal diameter, as described in the 
previous communication, Hoc- cii.) was used. The anode, made of thin sheet 
of aluminium, was a* co-axial cylinder, of the same diameter as the cathode, or 
il; was a brass tube separated from the cathode by means of pyrex. The top of 
this tube had a circular opening ground and planed and closed with a window 
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The cathode and the anode were both water-cooled by covering both of them 
with spirals of brass tubings through which cold water was continuously made to 
flow throughout the course of the experiment. Pure dry helium was taken in 
a globe of glass and this was connected with the apparatus by means of suitable 
taps by means of which a small quantity of helium could be admitted into the 
system for circulation throughout the experiment. The liciuid air cooled traps 
used in the experiment served to absorb mercury vapour and other impurities. 
Exposures were begun only after all the impurities were absorbed, which took 
several hours, sometimes even over twenty-four hours when a freshly made 
cathode is used. A quartz tube containing copper-oxide was included in the 
circuit. This was heated when necessary in order to absorb the hydrogen. 
Two pumps were included in the system. The first was a hyvac rotary pump 
which served to exhaust the whole system to a hard vacuum. The second was 
a mercury vapour two stage pump which when set in action served to keep the 
admitted quantity of helium in circulation in the whole system including the 
hollow-cathode discharge tube. A small gauge was included in the circuit to 
register the pressure of this helium gas. It may be noted here that instead of 
the usual charcoal a mineral known as chabazite was used in the liquid air 
cooled traps. This chabazite as an absorbent in place of the usual charcoal has 
the advantage that it does not absorb helium in any large proportion, so that the 
helium supply to the discharge has not to be renewed too frequently. It was 
used throughout the course of the experiments. The fine structures of the lines 
were examined by means of a quartz Lummer plate in conjunction with a Hilger 
E 2 spectrograph using the glass train for the visible and the near infra-red region. 
A diagrammatic sketch of the apparatus used is given in figure i. 


spectrograph 



EXPERIMENTAL. 

To Start with, the whole system was exhausted to a hard vacuum, the pump 
being worked for hours together till the impurities were absorbed by the traps, 
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the copper-oxide tube being also heated at the same time, if necessary, to absorb 
the hydrogen, faint traces of which arc usually present as an impurity in the 
helium sur>ply and in the various parts of the apparatus, and till there was a 
general clean up of the whole system as observed through a direct-vision 
spectroscope. The hydrogen line then at the same lime almost completely 
disappeared. Helium was then gradually introduced into the system till the 
gauge indicated a piessure of about one millimeter. The mercury vapour pump 
was then set in action and this served to keei> the admitted quantity of helium in 
circulation throughout the experiment. As regards getting a brilliant spectrum 
of arsenic the device emi)loyed was the same as that described in the author’s 
previous paper referred to above, liford hyper-sensitive Panchromatic plates, 
speed 2500 were used for photographing the spectra, and exposures varying 
from two to eight hours were found necessary for the entire region iu^the visible 
and the near infra-red portions of the spectrum. The temperature of| the room 
was nearly constant during this interval, and only those plates wer4 measured 
during the exposure periods of which the barometric pressure variation was 
negligible and the line structures were fairly sharp, as during the long hours of 
exposure the temperature and pressure of the air do not alw'ays remain Constant 
and thereby the fringes get displaced considerably, becoming useless for any 
reliable measurement. 

Table I gives a complete list of the lines studied for line structures. 
The strongest component of each line is taken as the main or null line 
and the separations of the rest arc given in units of ctn~’.io“-^:. The 
visually estimated intensities of the components are g'ivcn below each 
of them in brackets. Structures ai-e classed as A, H and C according to 
whether resolution is good, medium or poor. The poorly observed com- 
ponents are mostly blurred patches incompletely resolved by the instrument. 
Mo,st of the lines were found regular, the com])Ouents degrading to the violet 
both in intensity and interval, but a few lines showed an inverted structure, 
that is, their couijionenls were found degrading to the red. This was also found 
to agree with the analy.sis given later. The lines wdiicli have .shown a complex 
structure have been analysed by the graphical method of Fisher and (toudsmit. ” 
This method, as will be seen later, has lieen found extremely useful in the 
analy.sis of such lines. 

It will be seen that in table I given belov^ tlie observations recorded by 
Tolansky and by Kao in the region investigated by them have also been added 
for the sake of comparison. 

Table II gives a list of lines which either sho\^' no structure or are blurred 
narrow patches of liglit or which only show slight broadening indicative of a 
very small structure not possible to resolve. 
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Table II- 


Wave-length. 

Intensity. 

Classification. 

Remark. 

651 2 42 

M) 


Narrow 

61103 

(10) 

— 5/)3pi 

Broad 

5^38' 19 

(9) 


Single 

538 s ’52 

(s) 


Single 

4888 ’74 

(8) 

5S^Po — 

Single. 

4707 82 

(10) 


Single 

4466 ’ 6 o 

(9) 


Single 

1 1 

4431 ’73 

(10) 

4d*,7J-4/3F2 

Single 

4427‘38 

(10) 

4 diP 5 -C 

Single 

4324 I 

(8) 

5/.3Po-e 

Single 

43IS‘86 

(8) 

K/,33ni_5/,37)i 

Broad A' Tlazy 

4302’26 

(3) 


Single 


ANALYSTS. 

The Fisher-( roudsiiiit method of analysis which has been frequently employed 
here has been found to be very useful in the analysis of complex and incomplete- 
ly resolved structures and so it is briefly given here. - 

At first the complete multiplct is drawn with the interval factors of both 
the ui)per and lower terms equal. The resulting line structures are then 
plotted as points along a straight line, .say, AB. The U])per term is then com- 
pletely inverted and keeping the interval factor unchanged, the new multiplet 
formed is again drawn as points along another ])arallel straight line, say, C D, 
below the first line. The lines involving identical F transitions are then 
joined by straight lines who.se breadths are made roughly proportional to the 
intensities of the transitions as calculated from Hiirs ^ formula or directly 
obtained from the Relative Intensity Tables of White and Eliason-^® It is 
evident then that at the upi)er limit the pattern will be that given when the 
interval factor ratio of the two terms is + 1 and at the lower limit when it 
is The centre pattern, which is along a line, say, E F, drawn midway 
between and parallel to A B and C D will then be the pattern formed when 
tht interval factor of the upper term is zero. This diagram can now be used 
in the interpretation of hyperfine structures of lines, the structure of one level 
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of which is known, whilst for the other only the F values are known or are sus- 
pected, and the intervals are unknown. The structure of any line can now 
he determined for any ratio of interval factors by simply drawing a horizontal 
line at the point corresponding to that ratio. All that needs be done then is to 
find out where the measured line fits into the grapli and when this is done the 
values of both the upper and lower interval factors arc at once determined 
although the line pattern is incompletely resolved. The interval rule, in this 
method, is assumed to hold and so the actual intervals can also be calculated. 
The detailed analysis of the individual lines and the determination of the 
structures of the terms will now be considered. The lines have been examined 
in the order best suited for analysis and the results obtained here have in most 
cases been checked by examining the structures of more than one line involving 
common terms. Measurements have also been checked by comparing the 
observations made of the same lines on different plates. In this investigation 
advantage has also been taken of the analysis of some lines made by the author 
in the ultra-violet region the details of which will be found elsewhere, to 
determine the structures of some terms in the' visible region. 

^4888' 74. 5 ^^ Pi )~ SP ^ P ^- 

This line, as given in table I, has been observed single It has shown no 
structure on any of the i)lates. Since the number of fine structure levels of 
a term is given by 2/ -t- 1 or zj + 1 (where / is the nuclear spin and / the total 
angular momentum) according to which has the smaller value, so the tenn 
SS^Po remains single, since the 7 value of this term is equal to zero (aj+i™ 
2 X 0 + 1 = 1). Hence it follows that the structure in the term is very 

small and is not measureable. 


M.336'89- !‘P^^D2-'5P^Di. 

The analysis of this line has already been given in a previous coniinunica- 
lion by the author.” It is a sharp, perfctly resolved, regular quartet degraded 
to the violet. It has been shown that the quartet structure of this line is the 
term structure of the term sp'-'^D^ and that the structure of the term sp^Di 
must be negligibly small. 

A4985'4. Ss''’Pi~5P^Pi’ 

This line has been observed as a well resolved regular triplet degrading to the 
violet. The term 5 p^P\ has already been sjrown to be single from the analysis 
of the line A4888'5. Hence the triple structure of this line is due to the tenn 
The interval factor obtained for this term is 76. 
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Figure 2 . 

A5558'i. 5^^P.-5P^D,. 

This line has shown a complex structure. Tive components at intervals of 
88,- 38, 76 and 48* have been oljscrved and they do not follow the interval rule, 
'^e structure of the term ss^P^ is already known from the analysis of the pre- 
vious linv. Further verilication of the structure of this term has also been oh- 
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tamed by the author from the analysis of the line ^37^977. 55 - 5^%, in 

another investigation, in the ultra-violet region, of As II Jines. The Fishcr- 
Cxoudsmit method of analysis can now be employed to determine the structure of 
the other term, sP of this line. I'he results obtained can then also be checked 
by the usual method of analysis. It will be seen from the diagram that this line 
fits into its graph at a ratio of lower to upper interval factors of 100 to 28. The 
observed intervals are, as mentioned above, 88, 38, 76 and 48 and those predicted 
from the graph are 88, 45, 69 and 48. As the interval factor of the lower term is 
already known to be 76, so the interval factor of the upper term is 22 (approx.). 
The predicted, resultant and observed patterns are shown in figure 2 and the 
Fisher-Goudsmit diagram is show^ii in figure 2* (a). It will be seen that the agree- 
ment is good. 



A437i’4. sp^ - sP^D.^. 

This line has been observed as a perfectly resolved quartet having a very 
coarse stru«ture. The components are at intervals of 288, 224 and 169. As the 
structure of the term sp is already known from the analysis of the previous 
line, the structure of the term sp^ can then be obtained. The predicted and 
the observed patterns have been found to agree remarkably well in both intensity 
and intervals and the interval factor of the lovvx*r term of this line comes out 
to be 81. 


A473o’o 2. 5^' ^Pi 5P '''^" 2 - 

This line was (^bserv^^d as a triplet with poor resolution the components de- 
grading to the violet. The structure of the term 5s Th is already known from 

4 
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the analysis given above. In order to determine the structure of the upper term, 
SP tbe Fisher-Goudsniit method of analysis can be employed and the ratio of 
the interval factors of the upper and lower terms of this line can then be deter- 
mined. Referring to the diagram in figure 2 (a) it will be seen that this line fils 
into its graph at a ratio of lower to upper interval factors of 100 to 19, that is, 76 
to 14. Analysis of the line A3842’82. sp^ — sP '^-^21 iii the ultra-violet region, 
made by the author in another investigation has shown that the interval factor of 
the term sP ^Pz is 14. Hence the agreement is remarkably exact. The analysis 
of this line, then, affords a check on the analysis of the above lines involving the 
terms of this line. 

A 6 iio- 3 . ss - sP ^Pi' 

This line is single. It shows no structure. Since the upper term has 
already been shown to be very narrow, the term 55 'Pj must also be small or 
single. 

A47o7‘82. 5s ’Pi - sp 'S„. '\^ 

This line is also single. The fine structure term multiplicity belpg 2/ + i 
and 7 being equal to zero, the term 5^^ Pi must also be small or single. 

X6o22*8i. 55 ®Po — sP 

This line is observed as a regular inverted triplet degraded to red. The 
term 55^ Po having a / value equal to zero is single. Hence the structure of this 
line gives the triplet structure of the term sP^ Pi^ In this line the interval rules 
are exactly followed. The interval factor obtained is 54. 

0 

X 6 i 7 o* 6 . ss ^Pi — 5P ^Pi- 

This is a complex line showing five components. The structure of both the 
upper and lower terms have already been determined from the lines discussed 
above and hence the analysis can be made. It is found that the predicted and the 
observed patterns agree reasonably well considering that the third and the 

\S33i-53-5A'^f’a-5i’'‘f’2 ^S^os^^-ss^Ps-SP^D^. 



R^d 84 52 5ocm.ho.‘8 

(Predicted 

Resultant) 



Red 84 "o 26 cm. “^10"^. 

(Predicted) 
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(6) 


(3> 


Red 


( 4 ) 


(2) 


84 


49 

(Obsreved) 


Fig. 3(a). 


(2) 


(i) 

(i) 

R^ed 85 41 31 cm.‘'io' 3 . 

(Observed) 


Fig. 3(b). 

^565i-3-5s®F2-5/>®i>»- 


( 3 ) 


(2) 


Red yg 


52 


(3) 


(2) 


Red 79 


47 


Fig. 3(0). 


(i) 


cm. *10’^ 
(Predicted 
Resultant) 


(1) 


cm. 

(Observed) 


fourtli coinpoiiciits of this line were extremely weak and difficult to measure 
accurately. This analysis, then, also affords a check on the analysis of the 
previous lines. 


^5331-54. 5 S®P 2 - 5 i»“Pa- 

This line has shown a very narrow and complex structure. Three 
components only were observed and measured. The interval factor of the term 
5p^p2 has already been determined. Hence the structure and the interval factor 
of the term 5s^p2 can be determined. This line fits into its graph at a ratio of 
lower to upper interval factors of 100 to 46, indicating that the structures of both 
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the terms are of ftunilar order. Hcuce the line structure is complex and difficult 
to resolve. The analysis is given in figure 3(a), and the Fisher-Cloudsmit diagrani 
is shown in figure 4. The agreement is satisfactory but the predicted fourth compo* 
ent is missed. Tlie interval factor obtained for the term is 31. 



■^5105-8. 


This line has been observed as a very narrow quartet giving extremely 
poor resolution. The sructure of the term 55 '^Pz is already known from the 
previous line, hence the structure of the term sp^Si can be determined. But in 
this case it has been po.ssible only to estimate its value as the resolutit)n is very 
poor. The best fit of this line into its graph is at a ratio of lower to upper 
interval factor of loo to 42. The observed intervals arc 85,41, 31 and those 
predicted 85, bo and 26, which is not very satisfactory. The interval factor of 
the term 5p'’S\ should then be 13 which is only approximate. The analysis is 
shown in figure 3(6), and the Fisher-doudsniit diagram is .shown in figure 5. 



Figure 5. 

• SS'^Pa-SP^Da- 

This line is also complex showing three components degraded to the violet. 
The structure of the lower term is already known from the analysis of the line 
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^5331 ■54- Hence the structure of the upper term can be determined. This l i n e 
fits into its graph at a ratio of lower to upper interval factors of 100 to 53. 
Hence the widths of the terms and sp'^D^ are of similar order giving a 

complex structure to the line. The interval factor of the lower term is 31 as 
already determined. Hence the interval factor of the upper term is i6. The 
analysis is shown in figure 3(c) and the Fisher-Goudsmit diagram in figure 6. 



A65I2-42. sPiDa-Cj and Xsioy-S-ss^ Pi- sp'D^. 

These two lines have only shown a broad structure the total widths of which 
are respectively 54 and 47 units The term 5s’ Fi is already known to be very 
narrow. Hence the broadening in the line Asioy-S is due to the term 5^1’ D. 2 
which is common to both the lines. It follows, therefore, that G is narrow and 
the slight differences in the widths of these two lines is due to the slight difference 
in the structures of the terms S-v'Pi and G, which is not possible to resolve. The 
interval foctor of the term sP^D^ can now be determined and it comes out to be 
only 7. 


^4427\sS, 

This line has only shown a slight broadening which is evidently due to the 
term 4d’ri and hence the term C should be single. 

A4324-I. 5 p'''Po-e. 

This line is also observed single. The term sP^^Po having / value equal to 
zero is single. Hence the term e is also single. 

^5385-52. 5 P^Pi~b. 

This line is single. The term sp^Pi has already been found single in the 
line A488874. The term b is, therefore, also single or very narrow. 
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A443173. 4d^Di-4/®F2- 

This line has been observed as a single line with no trace of structure in it. 
Hence, it is probable, that both the upper and lower terms of this line are 
single. 

It will be seen from table I th^t the lines A6iio'3, ^5407-98, A488874 and 
A47 o 7*82 have been observed as single by S. Tolansky. But according to Rao 
all these lines show hyperfine structure. These lines have been examined 
carefully in this investigation and it has been found as shown in table I 
that the lines A6iio*3, A48887 and A4707-82 are single. On none of the 
plates these lines have shown any structure. Moreover, analysis of other lines, 
as given above, which involve terms common to these three lines definitely indi- 
cate that these lines should have 110 structure. The line A5497’98. 
has invariably shown two strong components degraded to red on most the plates 
while one plate has definitely shown three components degraded in intensity and 
intervals to the red. The term sP^Di should then be a triplet, as is demanded 
by a term with / value equal to one if the line concerned actually shows any 
structure. But the analysis of the lines A4336.89. sP^Di, A4190.37., 

aiid A3720.31. sP'^Di — f, which have the sP'^Di term in common, has 
shown that this term should be single. Hence it is possible that the doublet and 
the triplet structures observed in this line may be either due to some impurity or 
due to some line or lines of tlie second spark spectrum of arsenic of very nearly 
the same wave-length, linfortunately no further tests could ♦be made for want 
of a second L<ummer plate with a different thickness. It is interesting to note 
here that these components have followed the interval and intensity rules. 

As will be seen from the analysis the term structures have often been deter- 
mined from more than one line. Simple lines have generally followed the inter 
val and intensity rules fairly accurately. But in the case of complex lines this 
could not be tested since Fisher and Croudsmit's method of analysis involves the 
assumption that the interval rules are strictly followed. No lines of any measura- 
l)le strength in the Arsenic II spectrum lie in the region AA7000— 0500. Over 
eight hours of exposure with hypersensitive Panchromatic plates further sensi- 
tised in a dilute ammonia bath and rapidly dried has not shown any arsenic lines 
of measurable strength. A few lines investigated here have only been partially 
allocated. The term structures of such lines have, therefore, only been estimated. 

The structures and interval factors of the various terms investigated are 
given in table III. The interval factors of the teimis investigated by Tolansky 
and by Rao have also been given in the 4th and 5th columns of this tabic for a 
comparative study .• It will be seen that the results of Tolansky agree remarkably 
,,:vvell with the present investigation but some of Rao s results recorded here show 
wide divergence. 
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Table III. 

Term Fine Structures and Term Interval Factors. 




Fine Structure Inter- 
vals 

Term Interval l^^aclors 


Terms 

This Investiga- 
tion 

Tola n sky 

Rflo 

1 

Zero 1 

Zero 

Zero 

Zero 

1 

I 


igo, 1 12 

76 

78 

76 


3 P,, 





1 

1 

109, A 47 

31 

33 

29 

i*/’. 

Small 

Small 

Small, Inverted 

33 



zero 

Zero 

Zero 



3 . 9 , 

33. 20 

33 


... 



136, H2 

54 


48 



zero 

Zero 

Zero 

Zero 



Small 

Small 

Small 

Small 

sP 







49 . 35 . 23 

M 

13 

12 




7 (estimated) 

12 

... 


’D. 

Small 

Small 


... 


’D. 

77 . SS. 33 

22 

24 

26 


72. 36. 40 

16 


4 

sp‘^ 

| 3 D.^ 

159 , 115, 67 

46 

46 

6 


365, 283, 202 

81 

80 

78 

4ci 

j'P2 

Small 

Small 



Udj 

Small 

Small 


... 

4 / 

2^2 

Small 

Small 


... 
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am alsp grateful to the High Commissioner of India for the award of a substantial 
grant-in-aid during the course of this work. 



S. K. Mukerji 


392 

rkferences. 

I Mukerji, /ndf. J. Phys, ii, Part III. July 1937. 

^ Proc. Roy. Soc. 137 , 541, (1933), ZqH. fur. Physik^ 87 , 210 (1933^ • 

> A. S, Rao Zd^ /wr. Physik, 84 , 236 (1933). 

< Rcv,t 37, 1041 (1931). 

^ Jnd, Jour. Phys. 7,561 (1933). 

® Paschen, SitzBer. prciiss Akad. TPf55., Berl. 29 , 207 (i927\ 

^ Paschen, /I n«. Physik, 71 , 537(3923), and SawjTr and Paschen, Ann Physik 84 , 1 (1927), 
B Phys. Rev., 37 , 1047 (1931). 

9 Proc. Nat, Acad. Sci., Vol. 16, p. 68 (1930). 

10 Phys. Rev., Vol. 44, p. 753 (1933). \ 

hoc. cU. , 



39 


MAGNETIC PROPERTIES OF TELLURIUM ON 
COLLOIDALISATION. 

By MATA PRASAD 

AND 

S. S. DHARMATTI. 

All examination of tlic literature on the magnetic properties of colloidal 
powtlers of metallic elements reveals the fact that there is an apparent change in 
the diamagnetic susceptibilities of small particles obtained either by mechanical 
or chemical colloidalisalion or by cold working. The problem whether the 
change is due to (i) the fineness of the particle size or (it) the change in the 
crystal structure brought about by the forces employed or generated in the 
process of powdering or colloidalisation, or {in) the impurities coming in, due to 
oxidation, hydration, carbonisation, etc., has engaged the attention of many 
workers. 

Regarding an atom as containing electrons moving in orbits about a centre 
of force, tlie.se orbital electrons providing the molecular currents of Weber, 
Langevin’ obtained an expression for the atomic diamagnetic susceptibility 
which involves besides c, tii and c, u the number of electrons in the atom and 
r'^ the mean square of the radius of the projected orbit in a plane perpendicular 
to the field. The diamagnetic susceptibility of any element should thus be 
independent of temperature as well as of the physical state of the element. 
But the literature shows that different workers have divergent views. 

Rao’^ has advanced the view that the magnetic susceptibility is influenced by 
the particle size and according to Bhatuagar'^ his researches can be divided in 
the following three classes : — 

(1) Bismuth and antimony the diamagnetism of which decreases on 
colloidalisation. These elements show extraordinarily high diamagnetism an 
explanation for which can be given on the hyimthesis of IChrenfest.^ 

(2) Copper and zinc the diamagnetic susceptibility of which increases 
on colloidalisation so that the effect is the same as that of cold working. 

(3) Selenium which should not show any change of susceptibility on 

colloidalisation. 

^Bismuth, antimony,'’ copper, lead, sulphur, selenium and tellurium® have 
also been investigated by Bhatnagar and collaborators and theit experimental 

5 
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results do not justify any classification. They uphold the view that there is no 
influence of the size of the particles on the susceptibility of metals. The factors 
which influence the magnetic properties of the metals are (i) the impurities in 
the form of oxide, hydroxide or carbonate which aie rapidly formed when a 
large surface, on colloidisation of metals, is exposed to air, (n) a change in the 
crystal structure of the inetal and (n'i) the formation of an allotropic modification 
of the metal due to large pressures and temperatures developed during grinding 
or arcing. A critical and elaborate survey of the whole subject regarding the 
anomalous diamagnetism and particle size has been given by Lessheim® who 
from the existing experimental evidence concludes that there should be no 
change in the diamagnetic susceptibility of metals on colloidalisation or cold 
working . 

Prasad and Dharmatti^* have shown that no change in selenium takes place 
due to a decrease in the size of the particles by powdering or on colloidisation. 
A definite change observed by them has been shown to be due to the cpnversioii 
of selenium into an allotropic modification which differs in density, colour 
and appearance from the original selenium. The al)Ove-mentioncd conclusion 
has been supported by the calculations made on the basis of Honda and 
Shimizu’s theory. Authors take this opportunity of thanking Dr. S. S. 
Bhatnagar, O.B.K., I). Sc., who siigge5ited the possibility of the foniiatioii of 
allotropic form of selenium under conditions described in the aforesaid 
imblication. 

K X P K R I IM U N T A L 

The magnetic susceptibility was measured by a magnetic balance of the 
Ciiric-Wilson type which depends on the torsion method and which was used in 
our previous work on selenium. The experiment carried out can be divided into 
the following dilTerent parts : — 

(1) Powdering tellurium for about twenty-five hours within about a week. 

(2) Powdering tellurium for about the same period in about two months. 

(3) Powdering tellurium under paraffin for about 25 hours within about 
a month, washing the powders with ether and alcohol and then drying them 
under vacuum. 

(4) Fusing one of the powders into a lump. 

(5) Washing some of these powdeis with cold dilute hydrochloric acid 
several times until a constant value for their susceptibilities is obtained. 

I- 

■Kalilbaum's pvirest sticks of tellurium (x * 0 32 ^ 10“*’) were powdered 
jti air in an agate mortar free from any ferrogeneous materials. After powdering 
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for a definite period a small sample was taken out and its magnetic susceptibility 
was measured. The remaining powder was further ground and a part of it was 
again tested. In this manner the susceptibility of a number of specimens 
powdered for diflereat intervals was measured. The results obtained are given 
in table I. 


TabIvE I. 


Period of powdering. 

X X lo* 

5 Hours 


10 Hourfci 

-0^95 

15 Hours 


25 Hours 

—02.11 


The average size of the particles of 25 hours' powder was measured. The 
powder was suspended in propyl alcohol and well shaken. Some drops of this 
suspension were placed under a high powder microscope and the dimensions of 
about 25 particles were measured by means of a small scale provided in the eye- 
piece of the microscope and calibrated by a stage micrometer. The mean of all 
these values comes out to be o'5S/x. 

II. 

Tellurium was powdered in the same agate mortar for about an hour 
a day so that each of the powders in table II has taken about a w'eek or even 
more in some cases. 


Table 11 . 


Period of powdering. 

X ^ 10^- 

xo Hours. 

+ 0-0047 

15 Hours. 

+ 0*0537 

ao Hours. 

0-170 

35 Hours. 

+ 0-216 


The average size of the particles of the 25 hours’ powder is 0*5/* . It is clear 
that there is a tremendous effect of air since the ten hoursi powder in the first series 
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of experiments is diamagnetic while that in this case is paramagnetic. Ten 
hours* powdering in this case was finished in al)out a fortnight. 

In order to sec whether the impurities entering into the powders could Ijc 
removed by washing, ten hours’ powder was washed witli absolute alcohol and 
was thoroughly dried in a vacuum dessicator and its susceptibility was measured. 
The value obtained was l- o or^ x which is a little more paramagnetic than 
before it was washed ( + 0-0047 x kT*'). 'i'h is leads to the conclusion that the 
impurities, probably in tiic form of some complex oxides, are not at all soluble 
in alcohol. 

111 . 

Ill order to check tlie inlluence of air in the formation of simple or complex 
oxides tellurium was powdered under paraffin. Table II I gives the results 
obtained. ' 

Table III. \ 


Period of powdering. 

5 Hours. 

10 Hours. 

15 Hours, 

115 Hours. 


X X 10®. 


- 0-297 

- 0-291 
0-278 

- 0-24; 


It is clear from the table that even after avoiding the influence of air, there is 
a decrease in the magnetic susceptibility with the reduction in the size of the 
particle. The average size of the particle of 25 hours’ jiowder is 0-55^ which is 
very nearly the same as that obtained in the former case (0-5/^^ table IT). 
However there is a vast difference in the values of magnetic susceptibilities — one 
is paramagnetic and the other diamagnetic. 


IV. 

Since after avoiding the influence of air there is still a decrease in the 
magnetic sUvSeeptibiiity, one is apt to believe that the size of the particles would 
influence the magnetic susceptibility. If the size effect is genuine then if the 
same pow^der is fused, it must regain the * en mase * value. So the powder of 25 
■hours (table III) was* fused and its magnetic susceptibility was measured. Its 
'^altie was — 0*2087X10”^' which is a little less than that of the powder 
(•^0-24 X 10"^'), This shows that there is no size effect. 
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V. 


To see vvlietlier some impurities are present in tbe powders they wei'e 
washed with cold dilute hydrochloric acid, dried in a vacuum dessicator and 
their susceptibilities were determined. The results obtained are shown in 
the following table ; 


'I'Anijc IV. 


Specimen. 

X 106 before 
washing with 
HCl. 

X X 10^ after washing with HCl. 


1 1st wash. 

2nd wash. 

3rd wash. 

From table II 

+ 0*2i6 

1 

+ 0-014 

- 0*149 

-0*304 

25 hourfi. 





From table III 

6 

1 

-0*310 



25 hours. 






! . - 

- 




The above results show that the paramagnetic impurities are almost com- 
pletely removed by treating the tellurium powders with cold dilute hydrochloric 
acid and that the powders practically regaiu the original value for tellurium sticks. 
The only point that deserves to be noted is that the powder prepared in air 
requires more washing, indicating thereby that the impurities due to air do come 
in layers, during powdering. 


DISCUSSION OF RESULTS. 

The above results are in agreement with those of Bhatnagar and co-workers 
that the size of the particle has no bearing on the change in the susceptibilities of 
tellurium on colloidalisation. The very fact that as the time taken for powdering 
tellurium in air for the same number of hours is increased, the diamagnetic sus- 
ceptibility not only decreases, but the powders actually become paramagnetic 
(diSerence in the susceptibility of the two powders of 35 hours, one prepared 
within about a week and the other within about two months, is very great) clearly 
indicates that the change is due to impurities which are formed by the absorption 
or adsorption of gases resulting in the formation of complex oxides soluble in cold 
dilute hydrochloric acid. 

On the assumption that powdering under inert liquids like paraffin prevents 
the oxidation effects one should not expect any change in the powder prepared 
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under parafi&n. But we do find that there is a fall in diamagnetism. If this fall 
could be attributed to the particle size, the powder, after fusing should regain the 
* en inase ’ value which does not happen. 

It is quite evident from the fact that the paramagnetic and diamagnetic 
powders regain the ' cu masse ' value after frequent washing with cold dilute 
hydrochloric acid that the observed changes are due to impurities which are intro- 
duced during powdering. 

Authors are thankful to Dr. S. vS Bhatnagar, O.B.K., D.vSe., F.Inst.P., 
for his suggestions. 
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Plate XV. 

ABSTRACT. The ab.sorptioii spectra of ions in solution and in crystals have been 

investigated here over the region from 900 ni/u to 200 rii^i. In solution the intensity of ab, sorp- 
tion has been niea.«urcd over the visible regifm with a double monochromator. ITsing large 
.single crystals of PrClj, 7Hjfb the change.s brought about .at liquid air temperature in the 
nature of the different groups of absorption lines and bauds have been studied. A preli- 
minary classification of these groups ot absorption lines and bands is given based on the 
iis.sumption that they are due to inner forbidden tran.sitions. Pvery transition is suppo.sed to 
give rise to a group. In this proce.ss of cla.s.sificatioii the term values of Pr IV have been 
calculated fri>m those of La IT and compared with the mean fnijncncies of the different groups 
obtained in ab.sorption The Van Vleck 's tbeory of the absorption .spectra of rare earths 
in solids has lieeii discunscd. A scheme of classification of the rare earth spectra presented by 
F,nis has been noted and the divergences explaintal. 


INTRODUCTION. 

In a previous paper ’ the absorption spectra of ions in solution 

and in crystals were investigated by the writer over a wide range of temperature, 
A classification of the groups of sharp absorption lines and bands, obtained 
with large single crystals at low temperature, was also attempted there. It was 
shown that the groups of sharp lines and bands originate from the forbidden 
transitions inside 4/-shell. The finer structure inside each group, due to the 
decomposition of the energy levels in the crystalline field as well as to the 
superposition of the lattice vibrations, was not taken into consideration. The 
object of the present paper is to report the results of a similar investigation 
carried on with Pr*"^^ ions m solution and in crystals. It is intended also to 
classify their spectra broadly. 

* Rea teforpthe Indian Physical Society on |6th December, 1937. 
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ex'Perimental investigations. 

(a) The investigations were precisely similar to those described in the case 
of Nd*^"^ ions. The absorption spectra of the ions in solution were investigated 
from 900 m/1 to 200 in/i. But in the present case the sharp lines and bands were 
found to be liniiled to the visible region. This is due to the fact that Pr'^^'^ 
ions do not i)ossess any sharp absorption spectra in the ultra-violet ; in th« 
infra-red they lie beyond 900 in/i up to which it was possible to photograph with 
the plates available here. In all there were five bands, a double band on the red 
side and three bands in the blue and violet. 

The (juantitative study of the absorjition of Pr^ * ions in solution was 
carried out with a Hilscli double monochromator, a K-photo cell and a Wulf’s 
string electrometer. 'I'hc investigation was limited to the visible region only. 
The results of the measurement are given in table I. A curve Rowing the 
variation of the ])ercentage of absorption vvith wave-length is given i]\ figure i. 

Taulk I. 

(Positions of the absorption maxima obtained with the 
double monochnmiator.) 


Odiirt'iitralicin 

1 . 

I lllirkiiess. 

Position of ah- 
s(»rption innxima. 

P. (\ of xMj.sorp- 
tioii. 

1 iiU 

'S% 

1 CIll- 

* 

An. 


(^) 

M 1 

»» 

.. 

22 

TI 


i» 

„ 

.S5 

ni 

II 


468,1 „ 


TV 

11 

II 

443 ^ .. 

,S 7 '^ 


(b) The investigation of the absorption spectra at low temperature was 
carried out with large single crystals of PrCl^, 7 HgO. The crystals w'cre pre- 
pared in the laboratory by slow' evaporation of the saturated solution as 
described in the previous paper, when very fine hexagonal crystals were 
obtained. They were ground to different thicknesses and sealed in glass cells. 
A llilgei El spectrograph with glass optical parts was used. The spectra 
were photographed at the room temperature and at that of liquid oxygen. 
At the low temperature the exposure varied from 15 to 25 minutes using " Kodak 
Superpan CutfilmS.” 

It was found that at the temperature of liquid oxygen the diffuse double 
band on the red side was resolved into a large number of extremely sharp lines 


Ml’KHEK.n 


]>LATK X\- 




Absorption Spectra of (I’HIl:,, 7 HJ.)) orystal ui tlu' visiljle region. 

(fi) lit rooiD temperature 
{b) at liquid air temperature 

at room temponiture with thicker crj^Htal 
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and bands. The three bands in the blue and violet regions did not show such 
extremely fine structure. The first two of these three bands were decomposed 
into a number of rather diffuse narrower bands, while the third band in the violet 
remained unaffected. They iDerhaps require still lower temx^erature for getting 
resolved into extremely sharp and narrow components. The thiclcness of the 
crystal used was 1.5 m.m. In order to investigate still weaker components, if 
there be any, a crystal of thickness 3 m.ni. was used. It was found that a few 
weaker components were added to the group of absorption lines in the red. A 
new group of very faint lines also appeared in the green region. These are shown 
in i)late XV, and the wave-lengths and wave-numbers of these lines and bands are 
given in the table II. 



fno 600 590 580 570 560 

Wave-length in 

Figure i(a). 



Figure 1(6). 

DivSCUSSION or RESUIvTvS. 

It is apparent from the table II that ions show five groups of absorp- 

tion lines and bands in the visible region. Over and above these five groups, 
there are three groups in the infra-red which it was not possible to photograph 

0 
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TABtE II.. 


(The wave-lengths and wave-numbers of the lines and bands obtained with 
single crystals at different temperatures.) 


Room Temp. 


^ (A) 


T («) 


(M 


(f) 


II 


III 


IV 


V 


5972-1 


5935'4— 

588/1.9 


5795-7 

57f>K 

5744-6 


5230-9 

52154 


4845-9- 

4833-8 


4725-2— 

4703-4 

4692-5— 

46S2.8 

4431-0— 

4473-4 


Oxygen Temp. 


^(A) 


V (Cm-*) 


5991-1 

5984-1 

5981 

.5955-2 

5946.1 

5938-2 

5927.8 

59032 

5838.5 

5830-5 

5800.7 

5794-8 


5773-9 

5759 

5753-7 

57.36-1 

5263-9 

5234'6 


5229-4 

5215-8 

5200.5 

4878-9 

4864.5 

4847-1 

4843.7 

4841.2 
48346 

4826.3 


4719 2 
4713.2 


4707-3 


4696.6 

4689.5 

4670.4 


4434- 

4478 


16,686 8 
16,706.5 

16.715.0 

16.787.4 

16.815.1 

16.835.5 
16,865 

16.955.3 
17,122.9 

17.146.4 

17.234 5 

17.252.1 

17,314*5 

17,359-3 

17,375-3 

17.428.6 

18.992.1 
19,098*4 

19.117-3 

19.167.2 
19,223-6 

20.490.7 

20,551-4 

20.625.2 
20,639.6 
20,650 3 

20.678.5 

20,714 

21.184.1 

21.211.1 
21,237-7 

21.286.1 

21.318.3 

21,405 4 

22,597— 

22.325 


Remarks. 


At the temperature of liquid 
oxjgeii IJie diffuj-t' hand is re- 
solved into several narrow and 
sliarp (finiponents. The iiilensity 
of absorption increases. 

Do. 


The three faint and rather diffuse 
lines split up into sharp doublets 
and some new lines aiJpiar. 


\ 


Do, 


The broad band is resolved into 
narrower bands, but they remain 
slightly diffuse even at the low 
temperature.^ 


Do. 


The band remains nn 


here. Ihe first two of these were first investigated in solution by P. Lueg‘^ 
using a thermopile and a galvanometer and were found at 2 /a and 1.54/1. lyater 
Freyinan and lakavorian'^ observed the third in the near infra-red with a 
thalofide cell* It was found to be a weak band having its crest at 10,182 A. 
Gobrecht'^ made precision measurements of these bands using borax beads 
containing the borate of the element. He photographed the third group on 
specially prepared infra-red sensitive plates and obtained a number of sharp weak 
absorption lines using crystals of Pr2(S04)3, 8H2O. The centre of gravity of 
each of these groups as well as those observed here are given in tal)le HI. The 
relative intensities of the groups are also noted there. 
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Tahu: III. 

(The positions of tlic centres of gravity of all the diflcront groups observed 




in 

ions.) 


Intensity. 

C. G. of different 
groups 

Nature. 

T 

Strong 

5,200 enr ' 

A broad band. 

IT 

Very strong 

6,950 t, 

Possesses .some struetnre. 

111 

Weak 

9,^35 .. 

Consists of sharp eoinponents at low 
temperature. 

IV (i) 

Strong 

i6,Sil „ 

Do. 

(ii) 

Ihiir 

17.275 .. 

Do. 

V 

Very weak 

19.107 „ 

Do. 

VI 

StroJig 

ao, 6 o 3 „ 

Cf)njponeiit.s are diffuse at low tempera- 
ture. 

ViT 

Strraig 

31,394 „ 

Do. 

VIII 

Very strong 

33,461 „ 

Gnc broad bond. 


A preliminary classification of these eight groups of absorption lines and 
bands will be attempted here on the supposition that they are due to the transi- 
tions of the 4 /-electroiis inside the ss, ^-shell. Van Vleck ^ discussed the origin 
of the spectra of the rare earth ions in solids and sho^vod that their extremely 
sharp nature and the very feeble intensity could be explained on the assumption 
that they arc due to the inner forbidden transitions. The different possibilities 
of such transitions as cnuinerated by him will be referred to later. In Pr ' ^ ^ ions 
containing two 4 /-electrons the different inner states allowed by Russel 1-vSaunders 
coupling are given by TP, F, 11) and M5, J), G, I). The ground state according 
to Hund’s rule is given by ^^11 ^ ; it also explains the magnetic loroperties of the 
ion. It now follows from above that electronic transitions between the ground 
state and the other allowed states give rise to the diderent groups of absorption 
bands. Further the appearance of all the bauds in monochromatic excitation 
indicates that all transitions take place from the ground state. The multiplicity 
of lines inside each group, sliowm by crystals at low temperature, is taken to be 
an effect of the crystalline field and also of the coupling of the electronic levels 
with the lattice vibrations. They wdll not be discussed here. The C.Ci s of the 
groups will instead be regarded as j epresenting the frequencies of the conespond- 
ing electronic transitions in absence of any field, and to these the diflerent 
transitions will be assigned. This will require a knowledge of the relative 
positions of the different excited levels. According to Hund s rules it follow^s 
that among the triplet levels the relative arrangement will begrvenby 
and similarly among the singlets. But it is not possible to obtain any relation 
between the triplet terms oir the one hand and the singlet ones having much 
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hii^her values of orbital niomeut on the other.* It is proi)osed therefore to obtain 
this information from the evidences of emission spectra. 

The emission sxjectra of Pr IV have not yet been investigated. It is found 
however that in the analysis of the emission spectra of I^a II by Meggars and 
Russell ^ there are several terms to which the electronic configuration 4/^ is 
assigned. These terms are quite analogous to those of ions whose transi- 

tions are considered here and it seems reasonable to take the relative arrangement 
of the terms from these data. The values of the corresponding terms of Ta II 
together with their symbols are presented in table IV. For convenience, in 


Table IV. 

(Term values of different states of La II with a configuration 4 /^.) 


Symbol. 

f 

^ 1 

Term value (rni~’) 

Av 

1 

Relative position of ter) 

3H 

4 

i 

S5.io7’25 


\ 

° \ 




874-84 



5 

55,982 09 


874*84 cni"^ 




855-85 



6 

56.837'94 


1,730-69 ,, 

3F 

2 

S7.399'58 


2.292-33 „ 




518-92 



3 

57,918-50 


2,811-25 „ 



S8,259'4 i 

340-91 

3.152-16 „ 


4 



4 

59.527-60 


'4.420-35 „ 

ID 

2 

59,900-08 


4,792-83 „ 


6 

62 ,408 '40 


7,301 -IS „ 

3? 

0 

63.463-95 


8,356-70 ., 




i39'23 



1 

63,603-18 


8,495-93 „ 




675-74 

9.171-67 „ 


2 

64.278-93 


KS 

0 

69,505-06 


14,397-81 „ 


addition to the absolute term values, their values relative to are also given in 
the table. 

Apart from a knowledge of the relative position of the energy levels of Pr^""^ 
which is obtainable from these data, it is also possible to calculate their term 
values. The difl'erence between their values is due to (a) the higher ionisation 
of the Pr^^"^ ions and (6) the slightly greater value of the effective nuclear charge 

* 111 the classiftcaiion of the spectra this difficulty did not arise, as the allowed 

doublet terms with much higher values of L could not be fitted into the scheme of classification 
account of their large separations and therefore were not taken into consideration. 
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of the latter. The effect of these will be to jiicrease the intervals between the 
energy levels by a constant factor. From a comparison of the separation between 
the components of the multiplet, obtained for La II and that calculated in 

the case of it is found that the factor is approximately 2’4i- The 

values of the different terms of Pr'*’’^^ ions calculated from those of La II by 
multiplying with this factor are given in Table V.* TheC.G'sof the groups 
observed in absorption are placed side by side with the calculated terms, with 
which they more or less agree. The changes in 1 . and J occurring in these 
transitions are given in the last column. 


Tabi.k V. 

(Calculated term values of Pr IV and centres of absorption groups 

of Pr^^ ' ions.) 


Symbol 

7 

Calculated 

V’ 

Observed. 

AL ; A/ 

m 

4 

0 




5 

2,100 an"' 




6 

4 .i 54'4 .. 

... 


3 F 

2 

5 . 5 oo ’8 „ 

5,200 cm' ' 

1 

Cl 

1 


3 

^* 74 ^ 4 *» 

6,950 .. 

-2 ; —I 


4 

7 1564 '8 





10,608 „ 

9^835 

—I ; 0 

W 

2 

11,740-8 

— 



6 

17 » 522'4 M 

17,043 

1 ; 2 

3 ? 

0 

20,o66'8 „ 

20,602 „ 

—4 ; -4 


1 

20,390*4 

21,294 

— 4 ; -3 


2 

22,012*8 „ 

22,461 ., 

—4 ; —2 

15 

1 ^ 

34 . 55 S '2 M 

— 



* As the different 4/-electronic levels are due to different combinations of the * 1 * and * s ’ 
vectors of these electroiiB, it follows from general reasoning that here the inter-multiplet and 
the intra multiplet intervals will be the same function of the effective nuclear charge. Tt is 
because of this that the multiplication of all the intervals by the same constant factor is 
possible in this case. 
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It will be noticed in table V that the agreement between the calculated 
terms of Pr IV and the mean absorption frequencies of Pr’*"" ' ions is fairly good. 
Besides this there are also other reasons in favour of the transitions assigned for 
the particular groups. Van Vleck showed that in the process of absorption by 
rare earth solids the strongest radiation will be quadrupole in nature allowing 
AL or A] = ±2, ± i and o. P'urther on account of the asymmetry, either present 
in the crystalline fields or brought about when the electron is set in vibration, 
transitions are possible where AL or AJ reaches a value up to ±4. From 
the last column of the table it is apparent that these allowed changes are not 
exceeded in any case. Alsu the relative intensity of the absorption groups is 
found to be greater the lower the change occurring in the value of J, 
excepting the case A/ =0, where weak radiation is expected. One point which 
is very significant is that in the above table no absorption grouiD is specified for 
the transition This may be due to the fact that on accojunt of the 

low dispersion in the infra-red the corresponding relatively weak group\ was over- 
lapped by the very strong group preceding it. This also accounts for ^lie rather 
large interval between I and II which is found to be 1740 cm“' while th0 calcula- 
ted one is 1270 cm"*' , Gobrecht represented this transition by the weak group 
at 9835 cm"*'. But its interval from group II, which is 2,885 cm'"', seems to 
be rather too high as compared with the calculated splitting, viz., 1,690 cm“'. 

In this preliminary classification it is not intended to deal with tlie origin 
of the fine structure shown in many of the groups They could not be investi- 
gated in detail in some of the groups at the low^ temperature available, in this 
laboratory. These have, however, been extensively investigated by Spedding 
and his co-workers ^ during the progress of the present work. From a study of 
the absorption spectra of many of the rare earth ions, Ellis ^ has proposed a 
scheme in which the successive excited inner states appear above their normal 
ground states. In they arc respectively 'Jg, ^Po,\,2- In the classifi- 

cation given above the successive excited states are represented by 

; '7 b ; '^Poj 7o,i,2. Although he has not yet published the complete account, 
it appears from a comparison of the two that he has perhaps taken into consi- 
deration only the absorption spectra in the visible region- 

111 conclusion, the writer desires to express his grateful thanks to Prof. 
D. M, Bose for his kind interest and advice during the progress of the work. 
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STRUCTURE OF AROMATIC COMPOUNDS. 

PART II. BENZIL 

By K. BANERJEE, D Sc., 
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ABSTRACT The space group of bciizil crystal has been found to be 0 ^ 303^2 and 
0^^0322 for the two euaiitiomorpliic forms. The molecular plane of each molecule is inclined to 
the triad axis at 13“, the three molecules are parallel to the three basal axes and arc arranged 
spirally about a three-fold screw-axis. 

The chemical formula of benzil is very similar to dibeuzil. The two hydrogen 
atoms attached to the two alipathic carbon atoms of the latter compound are 


replaced by one divalent oxygen atom. So it is expected that the carbon skele- 
tons of these two compounds are practically the same, as the valency bonds that 
bind the carbon atoms are identical in these two compounds. Dibenzyl has been com- 
pletely analysed by Dhar ^ by the trial and error method and by J. M. Robertson * 
by the Fourier Analysis Method. As the latter method gives more definite and 
accurate results, we may utilise, for the determination of the structure of benzil, 
the structure of the carbon skeleton of dibenzyl found by Robertson as our starting 
point. The similarity will be easily seen from the structural formulae given 
below ; 

'\h 

1 1 

HC Cm 

1 1 

1 1 

1 

MC 

1 

cl 

cl 

1 

CJI2 

1 

fH 

T 

1 1 

i, . 

1 1 

HC CM 

h 

1 j 

HC 

Beniil 

Dibenzyl 


FiGUJtK I. 


7 
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Benzil has been found by Des Cloizeauz (Groth's Chemische Krystallographie 
Vol. V.,p. 200) to belong to the trigonal trapezohedral class with axial angle 
78° 13'. Referred to the hexagonal system of axes, the axial ratio a:c comes out 
1:1.6322. The cell dimensions referred to the hexagonal system was determined by 
N. C. B. Allen’ and found to bea« = 8‘i5 and Cq = 13 46 with 3 molecules per 
unit cell. 

The substance was crystallised from ethei . Hexagonal prisms bounded by 

the six m (2 1 10) faces were obtained. The end faces (001) were also developed 
in most of the crystals. 

DETERMINATION OF SP.\CE-GROUP. 

For determination of the space-group, the first point to be decided is whether 
the basic lattice is rhombohedral or hexagonal. When a rhoinbohedi|al lattice is 
referred to a hexagonal system of co-ordinates, it is converted into a body-centered 
hexagonal lattice, so that the number of molecules per unit cell becomes doubled. 
Thus if a crystal whose basic lattice is rhombohedral be referred to the hexagonal 
system the number of molecules per unit cell must be even. As this is\not so in. 
the case of benzil, the basic lattice cannot be rhombohedral. 

From the rotation photograph about the ' c ’ axis all the spots could be identi- 
fied unambiguously. The spots on the rotation photograph about ‘ a ’ axis could 
not be identified unequivocally and hence oscillation photographs of 10® range 
were taken. Due to the symmetry of the crystal only 9 photographs were 
necessary. For facilitating the identification in the oscillation photographs, the 
hexagonal lattice was transformed into an orthogonal one, by choosing the normal 
to a vertical axial plane as the second axis. The axial length in this direction is 
then 3 times that along the other basal axis. The reciprocal lattice can then 
be drawn in the same way as for orthogonal crystals, and after identifying the 
planes according to this system, the indices may be reconverted into the hexagonal 
system. 

All the reflections observed with their estimated intensities are given in the 
table. 

In the table of planes, we find that of all the oool reflection only 0003, 0006, 
000(12) appear while the other reflections are absent, i.e., reflections are absent 
whenever I is not divisible by 3. This shows that ‘ c ’ axis is a three-fold screw 
axis, and therefore the space-group is D*3 C31 2 or its eiiantiomorphic form 
D*, C3a2, the former rotating the plane of polarisation to the right and the latter 
to the left. 

As the crystal possesses a three-fold screw axis the three-molecules of the 
unit cell must be placed at the three equivalent positions obtained by the screw 
axis. The crystal possesses in addition dyad axes, and hence each molecule must 
possess a two-fold axis, parallel to a basal axis, 
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LIST OF REFLECTING PLANES FOR BENZIL (OSCILLA- 
TIONABOUT'a’AXrS)- 

Axial Planes ; — 


Plane. 

Intensity. 

Plane. 

Intensity. 

... 

... 

01 10 

M. 

0003 

S. 

022D 

vS. 

0006 

M. S 

o/]4o 

M. S. 

000(l2| 

V. V. w. 

0880 j 

W. 


Prism Planes ; — 


Plane. 

Intensity. ^ 


Plane. 

Intensity. 

om 

W. 



022 (10) 

M. 

0112 

V. vS, 



022 (ii) 

M.W. 

0113 

S. 



022 (12) 

M.W. 

0114 

S. 



0331 

M.S. 

0115 

s. 



0332 

s. 

oii6 

M, S. 



0333 

S. 

0117 

M. 



e 334 

vS. 

0118 

v.v.w. 



0335 

S. 

oiig 

M. 



0336 

M.vS. 

011(10) 

W. 



^>337 

M, 

011(13) 

V v.w. 



0338 

M. 

0221 

s. 



033 

M. 

0222 

c 



0443 

M.S. 

0223 

w. 



0444 

V.W. 

0224 

s. 



0446 

W. 

0225 




0447 

M.S. 

0226 

W. 



0448 

V.W. 

0227 

M.W. 



0449 

M. 

022^8 

V.S. 



144 Cio) 

M.W. 

0229 

W. 



0552 

W. 
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Prism planes (contd.). 


Plane. 

Tntensit\\ 1 

Plane. : 

1 

Intensity. 

0554 

S. 

066 (lo) 

M.W. 

0555 

v.v.w. 

0771 

V.V W. 

05.S7 

M.v®. 

077^ 

V.W. 

0559 

M.W, 

0775 

M. 

055 

V.W. 

0776 

M.S. 

055 (12) 

V.W. 

0884 

W. 

0662 

M.S. 

1120 

s. 

1 

0663 

V.V.W. 

1230 

i 

\ 

(J664 

W. 

1340 

As. 

0665 

, M.W, 

2240 

8.\ 

\ 

0667 

M.W. 

3140 



General planes. 


Plane. 


Intensity. 


Plane. 


Intensity. 


1122 

1122 

1123 

1124 

1125 
1120 

1127 

1128 

II2Q 

112 (10) 
II 2 (ll) 
II 2 (12) 

1231 

1232 

1233 


S. 

S. 

V. vS. 

s. 

s. 

s 

v.s. 

M. 

M. 

M.W. 

M.W. 

W. 

s. 

M. 

V,vS. 


1234 

J235 
1236 
J237 
1 2 38 
1239 


123 (10) 

M. 

123 (12) 

M, 

1341 

M, 

1342 

S. 

1343 

M. 

13^1 

M. 

1345 

S. 

1346 

s. 

1348 

M.S. 


M-8. 

M.S. 

8 . 

M.W 

M.W 

M. 
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General planes (contd.)- 


Plane. Intensity. 


1349 

M. 

134 (10) 

V.V.W. 

134” (11) 

w. 

1451 

M.W. 

1452 

M. 

1453 

M. 

H54 

M. 

1455 

M. 

1456 

M. 

1458 

V.V.W 

14S9 

M. 

145 (11) 

V.W, 

1562 

M.S. 

1563 

M.S. 

15S4 

M.S. 

1565 

M.S. 

1566 

M.W. 

1467 

M.W. 

1568 

M.W. 

1389 

V.W. 

16^ 

V.W. 

1674 

W. 

1675 

M.W. 

1676 

M.W. 

1679 

M.W. 

1784 

V.W. 

1786 

M. 

2241 

S. 

2242 

M.S. 

2243 

M.S. 


Plane. Intensity. 


2244 

M. 

2245 

M. 

2246 

M.S. 

2247 

M.S. 

2249 

M. 

224(10) 

W. 

224 (11) 

V.W. 

2351 

M. 

2352 

M.S. 

2353 

M.S. 

2354 

MS. 

2355 

M. 

2356 

S. 

2357 

MS. 

2358 

M S. 

2359 

W. 

235 (*o) 

W 

23s Ui) 

V.W. 

2462 

W.V. 

2463 

V.W. 

2464 

M S. 

2465 

M.W. 

2466 

M.W. 

2467 

M. 

2468 

M. 

2469 

M.W. 

246 (10) 

V.W. 

246 (12) 

V.W. 

2572 

V.V.W, 

2573 

V.W. 



'4l4 K. Banerjee and K. L- Sinha 


General planes (contd.). 


Plane. 

Intensity. 

Plane. 

Intensity. 

2574 

M. 

33^ 

V.W. 

2575 

M. 

3.36s 

M. 

2576 

M. 

3366 

M. 

2 ,S 78 

V.W. 

.3471 , j 

M. 

2686 

M,S. 

3472 'i 1 

M. 

3 M 7 

M.W. 

3473 

M. 

325 ( 12 ) 

M.W. 

3474 

V.W. 

j 

3361 

M.W. 

3475 

1 M. 

3362 

M. 

3476 

\m.w. 

\ 

3363 

M. 

1 3477 

\v.w. 


determination ok the atomic arrangement 

We thus see that the benzil molecule has a two-fold axis of symmetry. From 
the chemical formula of benzil we find the two CHg groups must be derivable 
from each other through the axis of symmetry and so also the.two benzene rings. 
This can happen only if this axis passes through the midpoint of the bond con- 
necting the two CH2 groups and is perpendicular to this bond. In dibenzil, it 
has been definitely found that the two benzene rings arc parallel to each other, 
and as the carbon bonds are identical in these two cases and also from the sym- 
metry of the bonds we conclude that there is no inclination between the two rings. 
So there are two possibilities. The two benzene rings may lie in the same plane or 
they may lie in parallel planes. In the case of dibenzil, it has been definitely 
proved by Robertson that the molecule is of the second type. 

From analogy, we start with this structure for the benzil molecule and try 
to find its orientation in the crystal lattice. The mean gm . molecular suscepti- 
bility of benzil^ is — 110.4 X 10® e.m. units and is exactly double that of single 
benzene molecule whose mean gm. molecular susceptibility is — 55.3 x 10® e.m. 
units. Hence we may consider that the components of molecular susceptibilities 
to be double of those for benzene so that 


Ki =Ka = —74.6 X 10® e.m. units. 
K»= — 182.4X10®. e.m. vmits. 
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Suppose that the molecular orientation is obtained by rotating it from the 
position in which the c-axis is parallel to the benzene rings through an angle 
then since susceptibility along *c’ is — SoXio*’ e.m. units, we have the relation 

80 = 74.6 cos®^ - 182.4 sin®^. 
whence ^=13“. 

The atomic parameters as ratios of the axial lengths of the carbon atoms of 
half of a molecule are given in the following table. Those for tlie other atoms 
can be easily obtained by the operations of the dyad axis as well as the triad screw 
axis possessed by the unit cell. 

Atomic parameters of benzil 


Atoms 

X 

y 

Z 

C, 

061 

122 

'006 

Ca 

0^7 

'm 

‘III 

C:, 

■ 269 

‘200 

’i6r 

C4 

‘^94 

’251 

’261 

Cs 


'276 

*312 

Cb 

—'0.^2 

■251 

'261 

C7 

‘()6c> 

‘200 

.161 
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Plate XVI 

ABSTRACT. The Raman spectra of mixed crystals of />-dichlorobcn7.ciie and /’-dibromo- 
bcn/.eiic have been re-investigated. It is pointed out that the observed facts, which are at 
variance with some of tho.se ob.scrved by Vuks, df) not detmitely lead to the conclusion that 
the new intense Raman lines having values of Ar less than loo cm' ' obserxfcd in these cases arc 
due to lattice oscillations. It is pointed out that be.sidcs these inve.stigatioiis of the Raman 
spectra, investigations of other properties of the ervstals have to be made before coming t(j the 
conclusion mentioned above. 


INTRODUCTION. 

The Raman spectra of crystals of f>-dich]oro- and dibroinobenzene were first 
studied by Vuks’ who concluded that there arc two different modifications of the 
crystals of f)-dichloiobenzene and from the fact that the new Raman lines obser- 
ved in the neighbourhood of the Rayleigh line undergo changes with the change 
from one modification to the other, he also came to the conclusion that these new 
lines are due to lattice oscillations. These investigations were subsequently re- 
peated by Birkar and Gupta’' who observed that when the crystals of ^-dichloro- 
benzene arc once cooled below 2o°C and again allowed to attain the room tempera- 
ture, besides .some of the new lines close to the Rayleigh line, also the lines 
305 cm"' and 331 cm~^ due to intramolecular oscillations are slightly shifted. No 
such changes, are, however, observed in the case of />-dibromobenzenc even w'hen it 
is cooled in liquid ammonia, though according to Bech and Ebbinghaus”, who 
studied this transformation in a number of substances, ^-dibromobenzene should 
also exhibit two modifications^ one above and the other below S^C- Vuks next 
reported'* the results of similar detailed investigation of the Raman spectra of 
these substances and he also observed the shifts of the lines 305 and 331 cm"^ 
mentioned above, besides those of the lines in the low frequency region and of 

* Read before the incetinj? of the Indian Physical Society on 17. 12. 37. 
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few others of higher frequencies. He also observed that ^-dibromobenzeue exhi- 
bits only one crystalline structure at different temperatures. In order to interpret 
the results obtained by him more satisfactorily, he recently investigated’ the 
Hainan spectra of mixed crystals of the.se two substances. He observed that 
though the Raman lines due to intramolecular vibrations observed in the case of 
the mixed crystals ate the same as would be obtained by mere superposition 
the Raman spectra of the two pure substances, the new lines close to the 
Rayleigh lines have positions intermediate between those obtained by such a 
superposition. He also observed that some of these new lines move closer to the 
Rayleigh line with the increase of percentage of /»-dibromobenzene in the mixed 
crystal. Since similar results are obtained in the case of the ‘‘reststrahlen” 
frequency of mixed crystals of KCl and NaCI, he concluded that these new lines 
are due to lattice oscillations. , 

There is, however, a little difficulty in understanding some of ihe results 
reported by Vuks even if it be assumed that these new lines clo.se to the\ Rayleigh 
line are due to lattice oscillations. As has been di.scussed by one of thb present 
authors (S. C. S.) in a previous paper", it is difficult to understand why tie inten- 
sity of the Raman line due to lattice oscillation observed in the case of centro- 
symmetrical molecule is many times larger than that of the line due to the sym- 
metric lireathing vibration of the molecule. Again, the shift of the lines 309 cm"' 
and 330'5 cm"^ with the increase of percentage of />-CuH.,Br3 in the 
mixed crystals from 33% to .-17% observed by Vuks cannot be easily under- 
stood because, these lines being due to intramolecular oscillations, their 
frequencies should depend only very slightly on the crystalline* field and not on 
the relative ]iercentages of the two substances in the mixed crystal. In order 
to understand these facts more clearly, the Raman spectra of these mixed crystals 
as well as of the pure substances in the solid and liquid states have been 
carefully re-investigated and the results have been di.scusscd in the present 
paper. 


1? X P R R I M n N 'I' A L. 

Mixed crystals of ^-dichloro and dibromobeuzene of a few different compo- 
sitions were prcjiared by melting in each case the requisite proportions of the two 
substances in a pyrex tube and allowing the melt to cool down slowly. In the 
case of mixtures with small percentages of y>-dibromobenzene, large transparent 
crystalline masses were obtained on solidification. In the case of mixtures con- 
taining more than 40% of f-dibromobenzene, however, no such transparent mass 
was obtained but on keeping the tube containing the melt slightly inclined to the 
horizontal, the whole mass was attached to one side of the walls and small single 
■crystals, the biggest having faces about 5 to 9 sq. ram. in area, were found to b^ 
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imbedded in the whole mass- In order to examine whether the composition in 
these single crystals was diflei'ent from that in the surrounding translucent mass, 
one of these crystals was first used for studying the Raman spectrum and next 
some portion of the translucent mass was used. The ratio of the intensity of the 
line 1066 cm’'^ of y?-dibronjobenzene to that of the line Jio4cm“^ of /j-dichloro 
l:>enze was found to be almost the same in the two cases. It appeared, therefore, 
that the composition was nearly the same in the two cases. 

Vuks. however, reported that the composition varies from point to point in 
the mixed crystal. He came to this conclusion by determining the melting point 
of samples taken from different portions of the mixed crystal. In order to 
ascertain the extent of variation of composition, the melting point of different 
samples taken from different portions of a .solid solution containing equal masses 
of the two substances was determined. About 0-5 c.c. was taken each time. It 
was found that the melting point was not sharp, but the range was narrower in 
the case of the sample taken from the top portion than that in the case of the 
sample taken from the bottom. Melting started at 5B*C in the former case and 
the temperature rose to 60*^0 till the whole mass taken completely melted. In 
the latter case, these two temperatures were found to be 59'^C and 66‘’C, respec- 
tively. This fact shows that the composition is different in the two cases 
but the variation is not large at places sufficiently close to each other. In 
the actual investigation, the lower portions of the solid masses obtained by 
allowing the melts to cooJ down in pyrex tubes were used for stjLidying the Raman 
spectra. i 

The Fuess spectrograph used in the present investigation produces no coma on 
the Stokes side of Hg 4047^ and has a dispersion of about ii-sJi/mmin this region. 
This dispersion is comparable to the dispersion 11^ /mm of the spectrograph 
used by Vuks in the investigations mentioned above. An attempt was made to 
improve the quality of the image still further by diminishing tlie aperture of the 
collimating lens of the spectrograph. Though the quality improved a little the 
Rayleigh line was always found to be overexposed owing to the extraneous light 
produced by reflections inside the crystalline mass and consequently there was 
blackening due to pholograi)hic spreading of the Rayleigh line up to about 250111"' 
on each side from the centre of the line. Comjdemeiitary light fillers were tried to 
overcome this difficulty partially. y\s usual, a solution of iodine in carbon- 
tetrachloride was used in the path of the incident beam, but the other com^ 
plementary filter placed in the path of the scattered light was an aqueous solutiou 
of samarium chloride of suitable concentration. This filter has a strong 
absorption band at about 4038 1 and the edge of this band on the long wave- 
length side is sharp and may be brought to the region adjusting the 

* The authors are indebted to Dr. V. U. vSarhar ol the Chemistry Departiiienl for kindly 
lending about 2 gms. of SinCb. 
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conceulratioii and the thickness of the cell. When this is done, the filter 
transmits freely the region 4049 A -4070 A. This filter is therefore particularly 
suitable for studying the Raman lines having small frequency shifts. Inspite of 

using this filter and the spectrograph mentioned above, the line 20 cm"' of solid 

p-dibromobenzene reported by Vuks could not be resolved from the Rayleigh 
line, though in the spectrograms reproduced by him, this line seems to be well 
Separated from tlie Rayleigh line. 

The Raman-spectra of p-dibromo and dichlorobeuzenc in the li(]uid state 
were also photographed with the same spectrograph in order to ascertain whether 
any of the Raman lines shift from their original positions on solidification of the 
melt. The tubes containing the substances were kept heated above the melting 
])oints by keeping them inside a cylindrical electrical heater which was provided 
with suitable windows. A condenser was used to illuminate the substances by 
focussing the light from a mercury arc. Ilford vSpecial Rapid plates jwere found 
to be suitable for studying the Raman spectra of solids. Iron arc spebtrum was 
photographed on each plate and used as a comparison for the measbrement of 
wave-lengths. It was possible to measure the frequencies of Raiban lines 
correct at least to i cm."' 


Table I. 


Composition (%). 

Tcmperatuic 


Ap' of Raman lines 

in nn ’ 

» 

C6H4CI2 

CeHiTSra 

in 


100 

u 

3 J 1 

40 ( 2 .V) 

50 ( 25 ) 

82 {2b) 

luu 

0 

,, Uifter 
])eing roulfd 
in ire) 


(2) 

93 12b) 

82 

18 

:u 


47 (J) 

93 ' 3 '>' 

V- 

liS 

) j 


17 (2) 

93 (3b) 

50 

50 



47 (-!) 

93 (4 b) 

^0 

(io 

1 1 

36 (1) 

47 (2) 

93 (4b) 

0 I 

ion 


3 f» ( 3 S> 


93 (2b) 


R R .S U L T vS AND D I S C D S vS I O N. 

The Raman lines having small frequency-shifts observed in the case of the 
solid substances an<l mixed crystals arc tabulated in table I . The positions of 
some of the lines having values of Av greater than 200 cm“^ observed in the 
of the substances under different conditions are shown in tabic II. Some 
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Tabi.e II. 


Substance 

State. 

Temp in "C 

A*' of prominent Raman lines in cm’ b 

CcIIiClj 

liquid 

80 

300(4) 330^3) 1100(5) 3072(5!’) 


solid 

31 (i3-niod ) 

3 <> 5 <’) 330I-) 7 * 1 .S' 3 ' iioi'/l) 307 ‘^’('t) 

" 

ti 

„ (once 
cooled in ice, 
a-modif.) 

308(1) 347(0 7^15(2) 110413) 3070(3) 

Sa% C«H4Cl2 + i8% CcTIiHrj 

Jt 


308(1) 347(1) 7^15(4) 1104(3) 3 ob«! 3 ) 

50% „ +50 Jo „ 

»* 

1 ) 

308(1) 327(1) 7-15(2) 1104(3) 306713) 


of these spectrograms have been rei)roduced in plate XVI, but it has to be 
pointed out that owing to the i^roxinhty of the very intense Rayleigh line, the 
Raman lines having small values of Av could not be reL)roduced well although in 
the original si)ectrogranis tliey were fairly intense. Incidentally it may bei)ointed 
out that the reproductions of the spectrograms in plate I of one of the pa])ers by 
Vuks ^ are not reliable because the relative intensities of the lines are anomalous. 
As for instance, the lines ^7 cirr' and 500111"* excited by Hg -iio77X are more 
intense than the lines 3050111"^ and 327 cm’* in spectrogram r, but in d the 
former two lines are totally absent although the latter two lines are fairly intense. 
Again, in spectrogram d» the line 327 cm.' is almost as intense as 
the Hg line ^loSX but even in the liquid state, in which stray light is 
eliminated, the ratio of the intensities of the two lines is about i:io. 

The results reported by Vuks are given in tables III and IV. 

TabIvK III (Results reported by Vuks). 


Coiiipo.sitiuii, 


% Ce JI 4 Bra 

mol, ! 

1 

_i 

% B-Cg Hi CI 2 mol. 

IMcJiiiig point. 

("C.) 

A*' of Jatlici. 

■ Imiiicncies 

in cm ' 






0,2 

012 

100 


0 

86-7 1 

20 'T 

37‘8 

93 

78 


42 

82 '3 

20*2 

39’S 

93 

^7 


53 

69*0 

22 

421 

94 

22 


7« 

6 o’s 

24 

46*3 

94 

9 


9T 

56 

2(1-2 

50 

93 

0 


100 

53'*^ 

27‘5 

1 

( 46'S 
( 54 "'J 

93 
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Taui.e IV (Results reported by Vuks). 

Substance State. A*' of proTnineiit Raman lines in cm ‘ * 

/>-C5 II4 CI2 Jviquid '- 299 ‘7 W 329*5 748'! (lol iic8‘4 Uo) 3071 '3 (10) 

,, vSolid (/ 3 -modifiea- 30/11(5) 329*5 (lo) 745*2 (10) 1103*9(10) 3072*2(10) 

tiriii ) 

,, Solid (a'liiodifica- 3o7’() (5) 328-0 (lo) 7/15*0(10) rio/i‘5 (lu) 30713(10) 

tion.) 

78% Cfi J I4 CI2 + Solid 309 

22% Cg H4 

53%CoH4Cl2+ n 307 ^ 327‘S 

47% ^'c H 4 Br 2 . I 


It will be seen by comparing the results obtained in the prcvsent investigation 
with tliose reported by Vuks that there is disagreenienl between these two sets of 
results ill various respects. \ 

First, according to Vuks^ frequencies and W;. shown in table III 
diminish with the increase of x^ercentage of p-Ct, Hi Bio hi tlie mixed crystal. 
On the othci hand it has been observed in tlie present investigation 
that Wo remains in the same position for all the compositions studied. With 
the lielp of iron arc spectrum as coiuiDarison this fact was definitely avSeertained. 
Secondly, there is disagreement between the results given ip table II and those 
observed by Vuks and reproduced in tabic IV. The lines 308 enr^ and 327 ciir' 
remain in the same iiosition for different comxiosition of the mixed crystal, as can 
be observed from table II but Vuks reported that the positions shift with the change 
of the composition. Thirdly, the absolute values of Av observed by Vuks do not 
agree in all the cases with those observed by the iireseiit authors. As has already 
Ijeen mentioned, care was taken lo determine these values wdth the help of iron 
arc spectrum as conii)arisoii. Vuks has not mentioned w hether this nietliod was 
employed by him also, but he has given his results in such a way that it appears 
as if the results arc correct to oT cm”k It is needless lo iioinl out, how'ever, 
that with the spectrograph used by him such an accuracy cannot be attained. 

The position of the lines in the low frequency region are the same in the 
case of the mixed crystals containing 18% of ^-dibroinobeuzene as in the case of 
a-modificaliou of f)-dichlorobenzene. This fact has also been observed by Vuks 
who has observed that the ft-inodification is obtained by mixing even 1% to 2% 
of j?-dibroinobcn7.ene with f -dichlorobenzene. From this he has concluded that 
3(?-dibromobeuzene 'is isomorphic with the a-modification and not with the 
modification of ^i-dichlorobenzene. The crystal sttructurc of these tw o substances 
as well as of their solid solutions has been studiedlby Hendricks.'^ The projection 
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of the unit cell on the u c plane is shown in figure i. In the case of />-dichloro- 
benzcne, the molecules are almost parallel to the o axis as shown in figure 1(6), 
hut in the case of fj-dihromobeiizeiie they are inclined to this axis as shown in 
figure I (a). The dimensions of the unit cell are almost identical in 
the two cases. It has been observed by Sirkar and (lupta” that the 
crystal lattice remains the same when ft — >■« transformation takes place. 
The only other change in the structure which may take place during 
this transformation is the rotation ot the molecules from the positions 



ia) (h) 

FlCtTRR I. 


shown in figure i(h) to those in figure i(a.). With such a change, however, there 
are associated lai ge changes in the relative intensities of X-ray reflections from 
various i)laucs and such changes have not been observed in the intensities of the 
Lane spots by vSirkar and Gupta. With such a change in the structure, no change 
in volume takes place, and according to Vnks the transformation from a — >/3 
modification takes place without any change of volume and is therefore connect- 
ed with the rotation of the molecules from one position to the other. According 
to this hypothesis, the structure of a-niodification of /)-dichlorobenzcne would be 
the same as that of /^-dibromohenzenc shown in figure 1 (a) The mixed crystal 
containing a very small jiercentage of />-dihromobenzcne, on this hypothesis, would 
also have the same structure as that of f-dibroiiiobenzeue and not of 
/i-dichlorobenzene, though on the contrary it may be expected that a 
few molecules of ^-dibromobenzene, when mixed with a large number 
of molecules of f>-dichlorobenzenc, should not alter the orientation 
of the latter molecules in the unit cell but should be accommodated in the origi- 
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nal lattice of the latter. Hendricks® has shown that the structure of equimolal 
solid solution of the two substances is the same as that of ^-broinochlorobenzenej 
and this latter];substance again has the same structure as f>-dibromobenzene, but 
he has not mentioned whether the structure is the same in solutions of all com- 
positions, and probably it is not so. Again, Vuks finds from the composition —Av 
curve that the positions of the lines in the low frequency region observed in the 
case of f>-broraochlorobenzene are the same as those in the mixed crystals con- 
taining 47% of ^-dibromobenzene, and in the equimolal solid solutions, these posi- 
tions arc slightly different from those in /)-bromochlorobenzcne. These results do 
not agree with those obtained by X-ray analysis mentioned above. 

The values of Av which are observed for the lines 300 cni~’ and 330 enr’ in 
the case of the mixed crystals are 30S cm“^ and 327 cm“' respectively for the 
different compositions and the values 309^0 cm”' and 33o'5 cm"j^ for the composi- 
tion 22% f>-C(|H,,Br2 + 78% />-C,iH,Cl2 given by Vuks are niot correct. Vuks 
has pointed out that the position of these lines shift with the change of composi- 
tion in the mixed crystals but it has been found in the present investigation that 
they do not do so. It can be clearly seen from the spectrogramii reproduced in 
plate XVI that in the case of the mixed crystals containing only 18% by weight 
of ^-CcH4Br2, the value of one of the lines is much less than the value 330 5 cm' ' 
given by Vuks. Again, it has been found that the line 745 cm" ^ remains in the 
same position in all the states but according to Vuks the position of this line would 
shift a little on solidification of the melt. The shift of the hydrogen line 3072 cm"’ 
with the increase of percentage of ^i-CfiII,Br2 in the mixed crystals is probably 
due to the fact that the value of Av for pure ^-CcHjBr.^ is slightly less than that 
for pure ^-CcH4Cl2. 

The above facts,- therefore, do not suggest that there is any definite relation 
between the composttion of the mixed crystals and the positions of the new lines 
and it cannot be definitely concluded from these facts that the lines in the low 
frequency region are due to lattice oscillations. It can lie ascertained, 
however, by studying the other properties of these crystals, as for instance, 
optical double refraction, whether there is any change in the orientation 
of the molecules in the unit cell with the transformation from one 
modification to the other. The observed difference between the Raman 
spectra can be explained, on the other hand, without assuming such a change 
in the orientation of the molecules. There may be some weak electronic binding 
between different molecules, the corresponding states being quantised, and 
there may be two such states close to each other such that the transformation 
from one state to the other is possible either with the change of temperature 
or with the addition of a small quantity of impurity It must be admitted, 
however, that before coming to such a definite conclusion, one has to prove by 
investigations more exhapstive than hitherto made that there is no change in the 



On the Raman Spectra of Mixed Crystals 


425 


orientation of tlie molecules in the unit cell of y^-didilorobeiizeiic with the 
addition of a small percentage of iJ-dihromoben/eiie in the cryvStal or with the 
change of temperature. These investigations will be undertaken as soon as 
opportunity permits. 

The authors are indebted to Prof. D. M. Bose for providing all the facilities 
for carrying out the investigation in his laboratory and also for allowing one of 
the authors (I. C. B.) to work in collaboration with the other author. 

Palit Laborai'ory or Physics, 

92, Upper Circular Roah, 

Calcutta. 
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ABSTRACT. It ha-s been suggested in the following paper that the nucleus may be 
regarded as a kind of crystalline structure rather than an ensemble of protons and neutrons, as a 
static or .it any rate a quasi-static .system, rather than dynamical. The principles and 
inethod.s of Quantum Mechanics have not, therefore, been applied. Rom's unitary theory gives 
a field which differs only slightly from the Coulomb field, which may be supposed to be 
playing an important role in the nuclear structure. On this hypothesis, it has been shown 
that the ratio between two fundamental distances in the assumed structure for a-particlcs lies 
between two narrow limits. Calculations from ma,s.s defects give the di.stancc between ele- 
mentary p-articles of the nucleus as of order cms., the figure generally accepted. 

The stniclure of the isotopes of hydrogen, helium and lithium has also been considered. 
Since tlie identity of the different elementary particles of the nuelena of the same isotope 
is denied, the difficulty about the contiuous euergy-.spcctrum of ;8-radiation seems to admit of 
a simple solution. 

Modern views on the nuclear structure regard the ultitnate constituents 
as neutrons and protons which arc supposed to form an ensemble obeying the 
Bose-Einstein or Fermi Dirac statistics according as the number of the constituent 
particles are even or otld. The interaction forces, according to Majorana ^ are 
of the Exchange type, which seeks to explain the high binding energy of the 
helium nucleus as compared with the deuteron. It is held that this hypothesis 
clears, to a certain extent, the difficulties which were experienced about the 
spin. It is an odd multiple of ^h', if the number of particles is odd, and even, 
if the number of i)article is even. This simple rule encountered its fir.st exception 
ill nitrogen 011 the older election -proton hypothesis. But the newer neutron- 
proton hypothesis overcomes this difficulty. There remains again the standing 
difficulty of the continuous energy spectrum of the ^-radiation, which has been 
explained by Fermi on the assumption of a new elementary particle, the neutrino 
which though incapable of observation, is considered necessary if the Principle 
of Conservation of Energy is to be saved. 

Among the objections to the scheme may be put forward the following 
considerations. The two systems of statistics are based on entirely different 
assumptions about the behaviour of the component particles. The Bose-Einstein 
statistics presuppose an entire absence of interaction so that any number of 
particles can occupy the same cell of the generalised position and momentum 
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space, while in the Fermi-Dirac system, the interaction is so strong that not 
more than one member can occupy one such cell. It is difficult to see why the 
addition of a single particle should make such a great difference in the behaviour 
of the constituent particles. 

Regarding Majorana exchange forces, Tamm and Ivanenko ® have cal- 
culated that on the assumption of Fermi's expression, the distance between each 
pair of protons and neutrons must be of order, to"^ ^ or less, before _they can be 
effective. This is certainly very small compared with the accepted figures for 
the radii of the nuclei or of the ultimate particles. 

Thirdly, by the replacement of electrons and protons as ultimate particles 
neutrons and i)rotons does not really solve the difficulty about the spin momen- 
tum, but merely puts it l)ack one place. It has been found that neutrons, 
protons and electrons all possess spin momentiiin of IV, so the same difficulty 
re-appears in the case of the neutrons, which are regarded as built up 0f protons 
and electrons in some way or other. The priiicii^le of conservation angular 
momentum cannot be salvaged if only algebraic addition is allowed. \ 

The main idea of the present paper is to consider the nucleus as a sort of 
crystalline structure in which the complex nuclei are built out of thc^ simpler 
materials. The ultimate particles are assumed to be protons and electrons. 

In the first place, this meets the difficulty about the spin of the neutron. 
The idea of a crystalline structure implies vector addition of spin, and it is only 
by vector addition that 4h' added to iV can give l^oru has formulated 

a unitary field theory in which matter has been sought to be blended with the 
elctro-magnetic field. It is a consequence of that theory t 4 iat the Potential 


Function due to a charge c at distance r is expressed as ^ (r) = ^ J 


where 


/(.v) 


= d.v 

J.v VI + 


where x — riro, r„ bein}^ a slaiidard length. If we tabulate 


the values of }(x) for diflereiil values of -v we find that the law does not differ 
uuiterially from the Coulomb I^aw when 


Table T. 


X 


1 xf{x) 

I 

o '927 

■937 

I'll 

o'854 

■948 

1’25 

0*792 

■965 


0*685 

■980 

i '67 

0*592 

•989 

2 

0*499 

■994 

2*50 

0*399 

•998 

3 '33 

0*300 

■999 

. 5 

0*200 

1 

10 

0*1 
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It may be ineiitioued here that Born's value for ro, ‘'radius of the electron'* is 
2 28X 10”^^ cm. which probably is higher than what would be acceptable in the 
light of modern experimental facts. 

For simplicity, in the following pages, the law of forces has been taken as 
that of Coulomb which plays the most imi)ortant role. Besides, there would lie 
other forces at Work, c.g., those due to magnetic moments, whose nature is but 
imperfectly known. But from the known energies of iS-particles, which range 
up to 12 X 10® electron Volts, it seems reasonable to assume that these forces 
liave a very low potential compared to the Coulomb iioteiitial. P'or, it is generally 
accepted that the linear dimensions of the complex nuclei are of order lo^** 
cms. The distances between contiguous particles must therefore be of order 
10“'^ at most. At this distance, the Coulomb potential energy of an electron 
in the nucleus may be taken as of order \e^lr where A is an arithmetical constant 
of order I, and r, the distance from the nearest particles, which is sufficient to 
account for the energy of order 23 x 10“*’ ergs or 13X10® electron Volts. 

Taking the simplest case of the deulcron, we may suppose it to be made 
up of one electron and two protons, one on each side, at distance a from the 
former. The mass defect is known to be 2*25 x 10® ev=3' 6x 10"® ergs If there- 
fore, wc consider Coulomb Potentials only, 

■ - = 3*6 X 10”® which gives a = 9‘6xio^^^. 

2 

vSimilarly 2He® may be regarded as being made up of one electron and 3 
l)rotons symmetrically arranged in the three corners of an equilateral triangle 
with the former at the centroid. If a be the distance of the electron from each 
of the i)rotons, it is easily verified that the latter are prevented from flying away 
by the Coulomb forces. 'I'he mass defect of the nucleus is known to be y'2 x 
M. lT.=io6'6xio''" ergs. The Coulomb potential energy is easily calculated 


to be 1 270^ la. 

Kqualing the two, we get « =2 9 x 10''^ ** cms. 

But the most interesting case is that of the helium nucleus, .jHe^ , which 
may be supposed to be made of 2 electrons and 4 protons placed symmetrically on 
tlie three axes of a rectangular Cartesian set . Each of the jn'otons is at a distance 
a from the origin, while each of the electrons is at a distance d from the origin. 
We shall first show that considered as a statical system, the particles have 
no tendency to fly away. 

o Let us calculate the force on one of the electrons re- 

presented by a circle directed towards the origin. 
This equals 


a 

X 

" /| 


/a 

d 


4d 




o 

Figure i. 
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In order that this may be positive 



16 d’*> (a® + 

or. 

3** <i“> (a®+d®)-’ 

or. 

4^V'4 <£*> a®+ci® 

or. 

5-4 ci®!>-a® 

or. 

d®> iSa® 

or. 

d >■ ■4a. 


h'or a proton the force directed towards the origin is 

2^ -sa 1 _ / 

^ '' (a® + v' 3 4 a^ ^ 

I ii order that this may be pt>sitive 

aa-' •:> I + Jf- 

■(a* + d2)=‘'^ 4 v'a 


or 

a ' 

(a--' -t-d- 

> -48 

or 

a® > '61 

(a® + d®) 

or 

■39 a- > 

•61 d® 

or 

d®<^^ 

•61 

a® 


< -63 


or 

ci < -Sa. 

“ 


'I'lierefore, to prevent disintej^ration 

•4a < d < ’So.. 

'I'he Potential Energy of the system is 

2 i T ^ I ^ t 4- ^ 

ia^ + dyy>-‘ 3 a v'aaj' 
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Taking d="'Sa, this 

— ^2)2 + 2 >1/^ _ 16 I _ «, 

I a v' 5a| - 30 f /fl- 

Since the mass-defect of an a-particle is 42-3 x ergs, we have 


2-3 X — = 42-3 xio”*’ 
a 

. „_e’‘x-23Xio® _ ^ 

.. a = i'2Xio crns. 

423 

This gives approximately the accepted dimensions. 

The question of spin has then to be considered. It must be pointed out 
liere, that the generally accepted fact that the spin momentum of the elementary 
particles protons, electrons, positrons, neutrons (and even neutrinos) is Jh' leads 
apparently to insuperable difficulties. The term spin in Quantum Mechanics has 
not, of course, the same definite sense as it possesses in classical Mechanics. But 
if it has the magnitude given by its ‘‘eigenvalues,” easy calculations show that the 
velocity at the periphery of the particle exceeds the velocity of light. 

If this difficulty be brushed aside, the electrons and the protons in the above 
model must be supposed to have antiparallel spins, symmetrical with respect to the 
origin, to make the resultant spin of the a-particle zero. 

I,i has two isotopes and ;il<i*‘ which occur in the proportion of 94:6. The 
following model may be suggested for the former, the crosses standing for the 
o X protous and the circles for the electrons. This indi- 

y ^ cates that ^Li^ will break up easily into two a- 

X — y X ~y particles if an additional proton be supplied — an 

X o experimental fact. In the absence of any knowledge 

o of the magnetic forces, it is futile to attempt any 

Figure 2. definite theory about the direction of the spin, but 

obviously an odd multiple of the unit ^ h' (i or 3) is indicated by the pre.sence 
of the three protons in a straight line while the spins of the pairs of protons 
and electrons may be supposed antiparallel and therefore neutralise one another. 

For nLi“ , the following model is suggested. The presence of two protons 
^ and an electron near the centre suggests the pos.sibility of 

I disintegration by shedding a neutron or a deuteron. /3-disin- 

< tegration has been a great .stumbling block in the path of 

y nuclear theories. Fermi’s hypothesis of neutrinos invests 

O X them with residuary properties and places them at the 

/ I same time, beyond possibilities of experimental verification— 

^ at least with our present resources. This is hardly 

I satisfactary. It is obvious that some such hypothesis JS 

o necessary if the principle of conservation of energy 

is to be retained, provided the principle of. identity 
Figure 3- of different nuclei and the different elementary 


Figure 2. 


1 / 

-O — 

/I 


Figure 3. 
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particles is assumed. But if it Ijc assumed tliat tlie internal structure is 
crystalline, the electrons in the different positions will be at different energy 
levels. It is conceivable that two nuclei of the same isotope have different internal 
eneigy levels. The energy spectrum of /J-radiation is then capable of a 
simple explanation. 
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